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ABSTRACT
Pursuant to the enactment o f federal legislation, the U.S. Department of Energy 
(DOE) is presently evaluating Yucca Mountain as a candidate site for a repository to store 
spent nuclear fuel (SNF) and high-level radioactive waste (HLRW). Risk analyses could be 
used to support transportation decisions (such as route and mode selection) pertaining to the 
repository program.
The purpose o f this study is to develop a procedure to facilitate comparative 
transportation risk assessment. A case study of Lincoln County, Nevada is used to discuss 
the significance o f key input data required to support such risk analysis. Specifically, a 
methodology has been presented and adapted to obtain key input data indicative o f local 
conditions along highway and rail transport corridors. This methodology was used to obtain 
the results discussed in this study. Two key inputs which were identified are population 
density and transportation infrastructure characteristics in terms o f safety/accident data. A 
methodology was developed to estimate the population density along the transport corridors 
using a Geographic Information Systems (GIS) program, ARC/INFO. Accident data 
pertinent to individual segments o f highway route for the years 1987 through 1993 were used 
to develop accident rates the distribution o f Annual Average Daily Traffic (AADT) volumes. 
Accident data for the rail route were obtained directly from the Union Pacific Railroad 
Company.
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In 1984, the Department of Energy conducted a preliminary cost and risk analysis for 
transporting spent fuel and high level wastes to potential repository sites nationwide. This 
study presents a comparison of the results of the 1994 DOE study with estimates o f risks 
obtained for Lincoln County using RADTRAN 4, the current version of the code. An analysis 
of the results showed that the risks obtained for Lincoln County were higher in rural 
population zones when compared to other zones. The risks obtained for rail were lower than 
those obtained for highways.
The findings presented in this thesis have potentially significant implications for policy, 
strategic planmng, design and operational issues such as for risk management related to the 
shipment o f not only SNF but also other radioactive or hazardous materials.
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CHAPTER 1
INTRODUCTION
The Nuclear Waste Policy Act, enacted by the United States Congress in 1982 reflects 
concerns related to the storage and disposal of spent nuclear fuel (SNF) and other high level 
radioactive wastes (HLRW). This act, as amended, directed the U.S. Department o f Energy 
(DOE) to study Yucca Mountain, Nevada, for its suitability as the nation’s first deep geologic 
repository for SNF and HLRW. These materials are currently stored at about 80 locations 
(power plants and DOE facilities) throughout the United States. I f  Yucca Mountain were 
to be selected as the site for such a repository, radioactive materials would have to be 
transported from these numerous locations to Yucca Mountain. The possible modes of 
transportation for such shipments are highway, rail, or a combination o f the two. Such 
shipments pose potential hazards and risks to the general population and the environment. 
A comprehensive transportation plan should include an assessment o f the potential risks to 
the population, mfrastructure, and environment arising from such shipments. This thesis 
addresses development o f a methodology to evaluate key factors in route-specific risk 
analysis. The application of the techniques is illustrated using highway and rail corridors that 
traverse Lincoln County, Nevada.
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1.1. M otivation
Current federal legislation provides route selection guidelines for the shipment of 
controlled commodities on the highway system. These guidelines are applicable for HLRW 
and SNF shipments. In general, these guidelines require that interstate highway system be 
used as much as possible and that the quickest routes be used to connect origins and 
destinations. Other types of roadways could be used to connect the origin and destination to 
the closest point on the interstate highway system. However, individual states are given the 
authority to designate alternate routes using specific criteria in selecting routes for such 
designation. The designation of such alternate routes requires a comparative evaluation and 
risk analysis o f candidate routes.
Previous studies of risk analysis have utilized low-resolution or non-route specific 
methods of analysis in determining the probabilistic risks. A 1984 study (Neuhauser, 1984) 
conducted by the DOE to determine the risks involved in transporting SNF from nuclear 
reactor sites to the six candidate repository sites used an aggregate method of risk analysis, 
i.e., one based on national average data for population density and accident rates along the 
transport corridors. However, it was felt that such methods do not accurately reflect or 
describe the actual risk to individuals along a particular route segment. A main reason for this 
is that every route segment has its own local characteristics which may be considerably 
different the nationwide averages. This could result in higher or lower risks. While aggregate 
methods may be valid or acceptable for globalized or macroscopic studies, individuals or 
communities cannot use such methods for an accurate assessment of risk. The results 
obtained fi'om an aggregate methodology are valid for generalized applications such as a
3
comparison of risks between two or more candidate repository sites; however, these methods 
are not valid for community-specific or route-specific studies. Hence there is a need to 
develop a methodology to conduct route-specific analysis o f potential risks and also a 
comparison must be made between the route-specific and aggregate methods.
1.2 Objectives & Scope of W ork
The objectives o f this thesis are to develop a methodology and to illustrate its 
applications for route-specific analysis. Further, the thesis will include a comparison of 
aggregate and route-specific analyses. A case study based on a highway and rail corridor 
through Lincoln County, Nevada is used to support the work.
The current version of RADTRAN, a computerized risk assessment tool, will be used 
to evaluate the radiological impacts fi'om shipments o f radioactive materials along potential 
highway routes and the Union Pacific Railroad Company’s (UP) mainline track through 
Lincoln County. Specifically, the goal o f this research is to incorporate local characteristics 
such as population densities and accident rates into the risk assessment process. Additionally, 
the risks o f transporting radioactive materials estimated by using local county conditions will 
be compared with the risks estimated by the Department o f Energy methodology. The 
highway and rail corridors o f interest are presented in Figures 1 and 2 respectively. The 
highway routes are based on preliminary work conducted by NDOT (Ardilla-Coulson, 1989) 
and the rail route uses UP’s mainline track through Lincoln County. These figures illustrate 
potential transportation routes within Nevada that could provide access to Yucca Mountain. 
Figure 1 shows the potential highway access routes to Yucca Mountain. Highway Route A
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would enter Nevada from Utah on 1-80. The route consists of sections o f US 93 Alt, US 93 
(northern section), US 6, SR 318, US 93 (southern section), 1-15, Craig Road (North Las 
Vegas), Rancho Road (Las Vegas), and US 95. Thus, the segment of this highway route 
passes through Lincoln County (SR 318 and US 93). Another Route also enters Nevada from 
Utah and consist o f sections o f US 93 Alt, US 93 (northern section), US 6, and US 95.
Similarly for rail, the DOE had considered 10 alternative spurs (corridors) to provide 
rail access to the potential repository at Yucca Mountain from existing main lines currently 
being used by regional rail carriers (U.S. DOE, 1990). The mainline connector for the Jean 
spur from southern Utah would be the southern section o f the Union Pacific railroad (UP) 
mainline track in Nevada. This section extends from the Utah-Nevada border to a point near 
Jean in Clark County. The portion of this track that passes through Lincoln County has been 
selected for the case study to illustrate the analysis for rail routes. The location and extent 
o f both the highway and rail routes passing through Lincoln County have been further 
described in the subsequent chapters.
Humboldt
Elko
Wash
Landei
EurekaChurchill :e Pine
US 50Mineral Nye
S l U w y  31 
Lincoln
Esmer;
U S U w y  95
US H w y  S3
.Yucca Itou n tam
Figure 1: Potential Highway Access Routes to Yucca Mountain I
OBEGOW IDAHO
NEVADA
CARUN
weraovER
CHERRY CREEK «
WABUSIKA
Stoma
LEGEND
 HIGHWAY ROUTES
 MAINUNE RAILROADS
IDENTIFIED RAIL 
ALTERNATIVES
VALLEY 
ARDEN 
JEAN 
CRUCERO 
LUDLOW 
MINA 
6A MINA OPTION
7 CAUENTE
8 CARUN
9 CHERRY CREEK
10 DIKE
LUSLOŴ
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CHAPTER 2
BACKGROUND
The Department o f Transportation (DOT) has promulgated routing regulations for 
highway transportation of SNF and HLRW. The Hazardous Materials Transportation 
Uniform Safety Act (HMTUSA) § 117A, evolved from a proposal developed by DOT and 
other federal organizations, was presented to congress during the legislative process to re­
authorize the Hazardous Materials Transportation Act o f 1975. This section o f the amended 
Act of 1990 directed the Secretary of Transportation to undertake a study to determine which 
factors, if any, should be taken into consideration by shippers and carriers in order to select 
routes and modes which in combination, would enhance overall public safety related to the 
transportation o f high-level radioactive waste and spent nuclear fiael. This resulted in the 
“Mode and Route Study” report. This study included the notice and opportunity for public 
comments and also assessment o f the degree to which various factors, including population 
densities, types and conditions o f model infrastructures (such as highways, railbeds, and 
waterways), quantities o f SNF and HLRW, emergency response capabilities, exposure and 
other risk factors, terrain considerations, continuity of routes, available alternative routes, and 
environmental impact factors affect the overall public safety o f such shipments. Highway 
shipments o f HLRW and SNF must generally move on preferred routes, which are defined
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in 49 CFR (Code o f Federal Regulations) 177.825(b) to consist of either (1) interstate 
highway for which an alternative route has not been designated by a state and or (2) state- 
designated routes. The U.S. DOT has published guidelines for the for the selection of 
preferred highway routes by the states (U.S. DOT, 1992). The document includes a series 
of worksheets for the manual calculation o f both primary and secondary comparison factors 
for route alternatives. Risk analysis is one such tool which, based on the potential risk, can 
be used to select one route over another.
Risk analysis includes the determination o f the probable effects that may be 
encountered in a given activity. Risk for an event could be defined as the o f product of the 
probability o f occurrence of an event and its occurrence. This is a mathematical concept that 
is indirectly related to the subjective notions o f “safe” and “safety”. Hazardous cargo 
shipments, as well as their attendant risks, are increasing in both volume and variety of 
materials shipped. The scope of these risks, and mechanisms for coping with them, must be 
addressed in a formal structure. Risk assessment is a major component o f this structure.
2.1 Probabilistic Risk Assessment (PRA) Techniques
In Probabilistic Risk Assessment (PRA), the probability o f an incident occurring at any 
point (or segment) along the route is multiplied by its quantitative conse^ences in order to 
derive a measure of risk. The measures for each segment can then summed to represent the 
risk for the entire route. PRA is the most analytical method compared to other techniques 
such as comparative study and worst-case assessment. It is the most data intensive, and, due 
to the assumptions which must be made, it is perhaps the most controversial as well. It
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requires determination or estimation of consequences and their associated probability of 
occurrence. One methodology proposed for PRA includes developing measures o f spent fuel 
transportation consequences, establishing the probabilities o f each o f these events, and 
multiplying these together to obtain measures of total impact. PRA as traditionally practiced 
is one of the most rigorous and well developed methodologies for assessing risks. In less than 
20 years, PRA has become the basic approach for assessing risks o f nuclear power plants and, 
more recently, for setting standards for chemical exposure to human populations. In order 
to effectively use traditional PRA in assessing transportation risks for SNF & HLRW 
shipments, measures o f probability o f radiation exposure and health effects for various 
scenarios. One method o f categorizing the scenarios is to classify them into two major 
categories: 1) routine or incident-free scenarios and 2) situations in which the transport 
vehicle is involved in an accident. Other non-radiation related elements o f risk analysis which 
must be considered are traffic volumes, infrastructure impacts, environmental quality, etc.. 
Data on such factors must be collected, reduced, and presented to quantify these elements. 
Furthermore, the economic consequences of accidents o f varying severity must be calculated. 
By combining accident consequences with the probabilities o f such accidents, the likely risk 
of transporting spent nuclear fuel to a repository could be calculated in terms o f health effects 
and financial cost. -
Although PRA is an appropriate approach for high-level nuclear waste disposal, 
existing methods may have to be adapted or extended and additional data obtained for 
transportation applications. They suggested that additional data be collected on health effects 
of low doses o f radiation, cask integrity under accident conditions and the influence o f human
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factors. Risk assessment of nuclear waste transportation must address a wide variety of 
initiating events, including external events such as floods and earthquakes, and the full 
spectrum o f their consequences. Further, special emphasis must be given to the human 
element in causing accidents or incidents. Greater use o f uncertainty and sensitivity analysis 
could be made to illustrate the impact of differing assumptions and variable quality o f data.
2.2 PRA Models
Two of the most widely used PRA models for radioactive materials transportation are 
RADTRAN and RJSKIND. RADTRAN was originally developed pursuant to the U.S. 
Nuclear Regulatory Commission (NRG) report “Final Environmental Statement on the 
Transportation of Radioactive Material by Air and Other Modes”, which was issued to 
demonstrate compliance with the National Environmental Policy Act (NEPA) of 1969.
RADTRAN is a probabilistic risk assessment code developed by the Sandia National 
Laboratoiy (Neuhauser et al., 1992) for radioactive materials transportation analysis. It was 
developed to facilitate assessment o f health and economic risks related to the transport of 
radioactive materials by various transportation modes. RADTRAN could be viewed as a 
simple set o f formulae and parameters which model physical reality to obtain an estimate of 
health effects. But on closer examination, RADTRAN incorporates a host o f assumptions 
regarding numerous socioeconomic and demographic characteristics which greatly affect the 
predicted risk estimate. The RADTRAN code comprises two main modules which take into 
account on-link, off-link, and shipment factors. On-link characteristics describe various 
aspects related to the actual transport link, whereas off-link characteristics describe aspects
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proximate to the transport link, but not physically on the link. The first module estimates 
radiation dosage associated with an incident free (or normal) scenario during the transport of 
radioactive material. The second estimates accident risks, in terms o f health and economic 
effects, associated with incident exposure. RADTRAN can be used to estimate potential risk 
in terms o f the amount of probable radiation dosage (in units o f person-rems) that crew 
members, handlers, passengers, and others would be subjected during the transport o f 
radioactive materials. Compared to previous versions of the code, RADTRAN 4 
incorporates advances in the handling of route-related data and in the treatment of multiple- 
isotope materials. In both modules, methods used formerly may still be used. Input data may 
continue to be in aggregate form, and the user also may continue to use RADTRAN 4 to 
generate unit risk factors. However, "route-specific" analysis also may be performed. That 
is, a route may be subdivided into segments with independent, user-assigned values for 
population density and other route specific parameters. In RADTRAN 4, the required degree 
of specificity may be introduced into an analysis with user defined parameter values. Since 
the vast majority o f the parameters are user-definable and can be changed to suit local 
conditions, the user has a great deal of flexibility in performing analyses. The RJSKIND code 
was developed by the U.S. Department o f Energy (DOE) for analyzing radiological 
consequences and health risks to individuals and the collective population from exposures 
associated with the transportation o f spent fuel. RISKIND is a computer code system 
(U.S.DOE, 1993), written in Fortran-77, for radiological assessment o f spent nuclear fuel 
transportation. It was developed at Argonne National Laboratory. It is RISKIND is used 
for estimating potential radiological consequences and health risks associated with the
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transport o f spent nuclear fuels. It evaluates both incident-free and accident conditions for 
individual and collective local population.
2.3 Review of the L iterature
As an element o f an environmental impact assessment study for disposing SNF and 
HLRW at a geologic repository, DOE used RADTRAN 3 to conduct an analysis of 
transporting irradiated nuclear fuel to a potential federal repository (Neuhauser, 1984). The 
RADTRAN code was used to calculate radiation exposure and the health effects under both 
normal (incident-free) transport and overall credible accident conditions. The model was also 
used to calculate the economic consequences o f transportation accidents, though these costs 
were not included in the Department's Environmental Assessment for the proposed Yucca 
Mountain repository. The input used for this study was the default input data provided by 
the model, which may not have necessarily reflected actual local characteristics or accounted 
for spatial variations in the same manner. Brogan, Cashwell and Neuhauser (1989), 
summarized the results of a review of transportation and demographic parameters, performed 
to complement the modifications made to the RADTRAN model (i.e., RADTRAN 4), at the 
Sandia National Laboratories. This paper discussed the default parameters for each of the 
three major variable categories in the current version o f RADTRAN code: transportation 
network, land use, and population.
Padgett (1992) discussed how a (GIS) can be used at the county level to rank 
transport routes for hazardous materials based on the vulnerability o f local hydro geological 
features.
13
Anders and Olsten (1990) conducted risk analysis o f hazardous materials 
transportation using GIS. They used GIS to combine tabular traffic data from state surveys 
with geographic networks. Accident rate by sub-segment, shipping frequency by highway 
segment and population affected were combined to estimate the population risk. Absolute 
hazard was calculated as a product of accident rate at the subsegment level and shipment 
frequency on the corresponding highway segment. They concluded that such GIS based 
methods o f risk analysis could be very effective and successful.
Ardilla-Coulson (1989) performed routing analysis based on U.S. Department of 
Transportation (DOT) guidelines. The base network for the analysis was the highway 
network developed and maintained by Oak Ridge National Laboratories. Two alternative 
routes in Nevada were identified using Stategen routing model (Erickson, 1988). The criteria 
for selecting alternative routes were based on minimizing four parameters: population density, 
total accidents rates, truck accident rates and shipment distance. The author identified a 
preferred route from these two alternative routes by placing emphasis on risk. Risk was 
measured in terms o f radiation exposure from regular transport, public and economic risk 
from accidental release of radioactive materials.
Jenssen and Castleman (1984) summarized the concept o f risk assessment and 
discussed various methodologies for risk analysis of hazardous materials transportation. They 
also discussed the findings o f a study done by British and Norwegian authorities on the risk 
analysis o f hazardous materials transportation.
Abkowitz et al. (1989), addressed the critical issues in safe transport of hazardous 
materials. Attention was focused principally on those areas where the needs were particularly
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acute, namely the regulatory environment, information systems, accident analysis, hazard 
mitigation, risk assessment, routing and incident management.
Abkowitz, Cheng, and Lepofsky (1990) examined the role of GIS in the analysis of 
hazardous materials transportation and in the evaluation o f alternative shipment routes. The 
criteria for evaluating alternative shipment routes were based on minimizing shipment distance 
and minimizing population exposed. The population exposed was estimated by overlaying 
GIS population data sets over the transportation network. The analysis was carried out using 
a first generation GIS model. The model uses a GIS road network developed and maintained 
by Oak Ridge National Laboratories. They also discussed data needs and the capability of 
the model to handle emergency preparedness and evacuation planning. Emergency response 
units are identified by overlaying response unit location onto the transportation system.
Lepofsky et al. (1993) described methods employing Geographic Information Systems 
for Transportation (GIST) which could provide the capability to perform transportation 
hazard analysis and incident management.
Garrick (1987) developed a method to minimize the risk and cost o f shipping 
radioactive material. The model includes a procedure to assess the risk o f transporting 
radioactive material during accident and accident-fi-ee situations. The method used in 
assessing the risks and costs of transporting Low Level Waste (LLW) consists o f four major 
subcomponents; a LLW shipment inventory, a transportation network description, a 
radiological risk assessment model and the optimization algorithm. The first two 
subcomponents are data sets. The second pair o f subcomponents are analytical methods, 
which use the data contained in the LLW inventory and the transportation network.
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Specifically the model used in this research on radiological risk is derived in large measure 
from RADTRAN 3. In this dissertation, some o f the techniques used in RADTRAN 3 are 
duplicated, while other of RADTRAN’s methods have been rejected in favor of alternatives.
Lim (1991), addressed the use o f geographic information systems (GIS) in several 
transportation engineering applications. GIS was also used to investigate non-radiological 
transportation impacts due to the construction and operation o f the proposed repository.
Chagari (1994), identified and evaluated the alternate highway routes between 
Wendover and Yucca Mountain in Nevada for specified objective functions ro estimate the 
risks associated with the transportation o f hazardous materials. In this thesis, the specified 
objective functions used population exposure as an indicator of risk. A comparative risk 
analysis was performed based on the estimated risk values using GIS technology.
In a case study for the Canadian Repository program (Souleyrette and Lim, 1992), 
RADTRAN was used to compare risks for different shipment modes. These modes include 
shipment by truck, truck plus rail and barge plus rail. Carr (1993) created a data base to help 
evaluate the safety of existing railroads that could potentially be used to transport high-level 
nuclear waste over time. The data base was in the form of Geographic Information Systems 
(GIS) maps. This information was used to execute RADTRAN 4 and thus determine the 
safety probabilities o f transporting nuclear waste by rail.
In another case study for Lincoln County, Nevada (Sathisan, Lim and Madhavapeddi, 
1994a; Sathisan and Madhavapeddi, 1994b), the current version of RADTRAN was used to 
conduct a risk analysis o f transporting SNF through the highway and rail routes in Lincoln 
County. Route-specific method of analysis was adopted using RADTRAN. This study also
1 6
compared the results obtained for a previous study conducted by the Department o f Energy 
(Neuhauser, 1984).
Yang (1993) developed a prototype GIS-based routing system which included the 
static routing functions, dynamic routing functions, and emergency response analysis 
functions. The system implements the route optimization function based on Network Analysis 
tools and Dynamic Segmentation capabilities o f ARC.
2.4 Geographic Information Systems (GIS) Applications: Feasibility
The use of geographic information systems (GIS) grew dramatically in the 1980s. It 
has gained acceptance by business, government, and academia for many diverse applications. 
Consequently many definitions o f GIS have developed. A Geographic Information System 
(GIS), in its broadest sense, is any set o f procedures, which may be manual or computer 
based, that may be used to store and manipulate geographically referenced data. However, 
the term, GIS, is generally used to refer to a computer based information system designed to 
allow users to collect, store, manage, analyze and display the results o f spatial analyses of 
geographically referenced data. The term GIS for Transportation (GIS-T) is used to refer to 
applications o f GIS programs specifically for transportation purposes (Aronoff, 1989).
Computer based GISs are significantly different fi'om other computer based graphics 
oriented systems such as Computer Aided Design and Drafting (CADD) in view o f their geo- 
referencing formats. A GIS is superior to CADD or manual systems since it may handle the 
analysis o f complex, multiple spatial and non-spatial data sets in an integrated manner. These 
capabilities of a GIS together enable spatially referenced information to be created and used
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in a completely different context than its initial form. Figure 3 shows the components o f  a 
GIS. In a broader sense GISs have existed in some form since the 1950s when they relied 
heavily upon manual techniques. Their chief characteristic was the location o f data through 
geocoding. Geographic data were represented as points, lines and areas in print form. They 
were coded using symbols, textures and colors that were explained in the map legend or 
accompanying text. This documentation constituted the geographic data base. The advent 
o f suitable computer technology in the 1970s lead to a significant improvement in the ability 
to handle spatial data using digital storage and retrieval capabilities o f computers. The speed 
o f performing the data storage, retrieval and analysis using computers far surpasses that which 
can be achieved using manual methods (Aronoff, 1989). Similarly, the costs o f such 
operations are also much lower than those for manual techniques.
Besides the superior speeds and lower costs, computer based GIS also provide the 
power to handle extremely large volumes o f  spatial data. The use o f spatial relationships in
GIS
Software
Tools
Database Abstraction or The
Real
WorldSimplification
Results
Figure 3: Components o f a GIS (Source: ESRI, 1993)
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a GIS adds a degree of intelligence and sophistication to spatial data bases. For example, 
consider a transportation data base. A segment (a line) on a road network "knows" what 
other routes (lines) cross it, if so where, and whether there are actual physical intersections 
or interchanges at their crossing points. It also has information on roadside features such as 
land parcels adjacent to the segment or within any distance from it. Spatial data sets are 
unique in providing the geographic location o f features related to known coordinate systems; 
in specifying attributes of features that may be independent of location, such as color, cost 
and size; and in describing the spatial and topological relations among features in the data set. 
Thus, spatial or geographic data are commonly characterized as having two fundamental 
components (Aronoff, 1989):
1. the phenomenon being reported such as a physical dimension or class, and
2. the spatial location o f the phenomenon.
Examples o f physical dimensions are the population of an area (block, census tract, 
city) and the width and number o f lanes o f a roadway facility. Examples o f class are the name 
of the city or the functional classification o f the roadway (interstate freeway, arterial roadway, 
residential street).
A third fundamental component o f spatial data is time. Geographic information 
describes a phenomenon at a location as it existed at a given point in time. Such "snap shots" 
taken at different points in time could then be used and integrated to consider of temporal 
variations. The time component is not always stated explicitly, but often is critical.
Digital spatial data are vital for a GIS. Geographic data are inherently a form of 
spatial data. Geographic data can be represented on a map or in a GIS as either point, line
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or area features. These features are structured "topologically" in a fully functional 
computerized GIS rather than as separate graphic layers of geometric symbols. This structure 
o f topological representation enables extensive analysis o f spatial information. This 
topological representation includes geographic features on each map which are related to (or 
adjacent to) other geographic features on the same or other maps. These features can have 
point, linear or areal characteristics that are usually observable, such as street intersections, 
roads, or lakes, or invisible boundaries, such as city limits or school districts.
Pointsare used to represent the locations o f geographic phenomena or to represent 
map features that are too small to be shown as areas or lines. The locations o f accidents, 
cities, mountain peaks, hospitals or street intersections can be represented as points on maps 
o f appropriate scale. A line feature consists of an ordered set o f connected points. Lines are 
used to represent map features that are too narrow to be shown as an area or features that 
theoretically have no width, such as political boundaries. Roadways, railroad tracks, streams, 
contour lines and city boundaries are examples o f line features. An area feature is a region 
enclosed by line features. The geographic extent o f a city, county, or lake could be 
represented by an area element. A polygon is a closed plane figure that is bounded by lines. 
A spatial feature may represent different things, depending on the scale o f the map or image. 
For example, a river can be shown as an area at a large scale but only as a line feature at a 
smaller scale. A GIS typically links different data sets. Data sets in a GIS are linked in the 
following ways;
D Exact Matching 
D Non-exact Matching
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- Hierarchical Matching
- Fuzzy Matching
A GIS performs all these operations because it uses geography, or space, as the common key 
between the data sets. Information is linked only if it relates to the same geographic area.
Today, the number and variety of applications for GIS are immense. The amount of 
geographic data that has been gathered is staggering and includes volumes of satellite imagery 
collected from space. GIS supports the daily activities of automated mapping and facilities 
management with applications for electricity, water, sewer, gas, telecommunications, and 
cable television utilities, using capabilities such as load management, trouble call analysis, 
voltage drop, base map generation and maintenance and inventory. In the United States, the 
U.S. Bureau o f Census and the U.S. Geological Survey (USGS) used GIS technology for 
their Topologically Integrated Geographic Encoding and Referencing (TIGER) project. They 
produced a computerized description o f the U.S. transportation network- at a cost o f about 
$170 million- to facilitate taking and reporting the 1990 census. The Census Bureau decided 
to build the TIGER system after realizing in the early 1980's that it needed to come up with 
a better way to produce maps for its censuses and surveys (U.S. Department o f Commerce, 
Bureau of Census, 1990). The old system had become inconsistent, unwieldy, and inefficient. 
The result was a nationwide machine readable base map to serve a? the under-lay for 
whatever address -or area related data the users wished to “lay over” it and, at the same time, 
a new key for accessing and understanding the sometimes arcane world o f Census Bureau 
data tabulations. In sum, TIGER accelerates map production and makes it easier to
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manipulate, change, and update, in a consistent way, the data base that contains the map- 
drawing information.
In summary, topology describes the spatial relationships among points, lines, and areas 
in a two-dimensional plane. It is the concept on which the Census Bureau built the TIGER 
data base. The TIGER system uses a vector (or digital line data) format. Due to the need 
for extracting the required input data to conduct risk analysis, GIS is an effective tool which 
can be used for the same. How this tool was used for this study has been explained in a 
greater detail in the later chapters o f this thesis.
CHAPTER 3
CONSEDERATIONS IN RISK ANALYSIS
As introduced in the preceding chapter, risks related to any transportation process or 
event could be quantified as the product of the probability o f the process or event occurring 
and its consequences. Thus, an evaluation o f risks related to the transportation o f materials 
should consider a number o f factors that affect the probabilities o f all potential events and 
their associated consequences. The factors that need to be considered include the 
characteristics of the material(s), the packaging, the container, the vehicle, the network and 
the environment. Network characteristics include on-link and off-link elements. Examples 
o f on-link characteristics of interest include the following: type o f link, travel speed, accident 
data, and traffic volumes. Off-link and environmental characteristics include those proximate 
to the facility such as population and its distribution, sensitive land use, special types o f 
facilities such as pipelines, warehouses, schools, hospitals, water bodies, ecologically sensitive 
areas, wildlife habitat and recreational areas. Any process o f risk assessment, should begin 
with identification o f key assumptions and definitions related to the aforementioned issues. 
In the case o f interest, i.e., risk assessment for transportation of HLW and SNF, these include: 
D defining the boundaries o f the study area or corridors o f interest (Lincoln County will be 
used as a case study in this thesis)
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D defining the material, packaging and vehicle: spent nuclear fuel is the material to be used 
to illustrate the development of the risk analysis technique; the packaging and vehicle 
characteristics are assumed to be consistent with existing standards for each mode and 
default data in existing modeling tools are used to characterize the same.
0 defining the mode o f transport: both highway and rail will be included in the analyses 
D identifying the transport network and its alignment: the highway route comprising of 
segments of SR 318 and US 93 and UP mainline track in Lincoln County will be used 
in the case study
Next, specific data required as inputs for the analysis were identified. In particular, the need 
for local data was clearly identified when it was felt that default data did not accurately nor 
appropriately represent the local characteristics. Some of the data were obtained based on 
historical records and information. Other inputs required additional effort and processing 
(derived data) such as the use o f Geographic Information System (GIS) to derive the data. 
Two o f the input variables that required such use o f GIS were population density and link 
distance. Next, the different risk assessment models and their modeling approaches, the 
methods of analysis, units to measure risk and as well as key inputs and outputs are discussed 
in this section. Following this discussion, various approaches used in the analyses, such as 
defining links and obtaining population density are detailed.
3.1 Modeling Approach
RISKIND is a computer code system for radiological assessment o f spent nuclear fuel 
transportation. It was developed at Argonne National Laboratory. It is written in Fortran-77.
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RISKIND is used for estimating potential radiological consequences and health risks 
associated with the transport of SNF. It evaluates both incident-free and accident conditions 
for individual and collective local population. It allows user-specified site-specific accident 
scenario analysis o f transportation risk by truck or rail mode. A major difference between the 
analytical options o f RISKIND and RADTRAN is that RISKIND can calculate the risks for 
spot locations where as RADTRAN carmot. A comparison o f the input and output options 
of the two codes was discussed by Parentela, et al. RISKIND can be used in conjunction with 
RADTRAN 4 code (Neuhauser and Kanipe 1992) or its updates and enhanced data modules 
to perform a full-scale risk assessment for the transportation of spent nuclear fuel.
The RADTRAN code was designed primarily for estimating the collective population 
risk from the transportation of radioactive materials under incident-free or accident 
conditions. As seen in Figure 4, each combination of isotope, package type and population 
density is analyzed by two exposure models: accident free exposures and accident exposures. 
The code is used to evaluate radiological consequences of incident-free transportation, as well 
as the radiological risks from vehicular accidents occurring during transportation. The 
incident-free portion examines the exposure to three population segments: persons along the 
shipment path, the vehicle crew and those persons sharing the transportation link with the 
shipment. Figure 5 provides a summary o f the incident-free module. The accident exposure 
section (see Figure 6) calculates the exposure for two cases: accidents in which the 
radioactive material is contained within its Type B package and accidents in which the
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Opposite Direction
Same Direction
Dose Along Path
Dose To Crew
Dose To Persons 
Sharing lin k
Incident - Free 
Exposures
Figure 5: Incident-Free Exposures (Source: Carrick, 1987)
Accident
Exposures
DoseToTraEOc
Dœe To Wwk Crew
Immersion Dose
Gronndsbine Dœe
Dœe To Surrounding 
Populaiiim
Dose To Surrounding 
Popuiaticm
Direct Inhalation And 
Resuspension Dose
Non - Dispersai 
Accidents 
Type B Packages
Accidents Invtdring 
Atmospheric Dispersal 
o l Material;
1>pe A Packages
Figure 6: Accident Exposures in the RAD TRAN Model S3o \
27
containment provided by Type A package fails and the material is dispersed. The 
characteristics o f the type A and type B packages are outlined by the International Atomic 
Energy Agency (IAEA) in its publication titled “Regulations for the Safe Transport of 
Radioactive Materials” (Foster and Jordan, 1984).
RADTRAN 4 contains idealized mathematical models of transportation environments; 
these models have been formulated to yield conservative estimates of integrated population 
dose in a way that can be supported by available data. These models neglect features o f the 
transportation environment that either do not affect the calculated risk values or reduce 
conservatism (e.g., the “divider width” o f divided highways). Where ever possible, 
RADTRAN combines calculational simplicity with general conservatism. For example, all 
routes by all modes are modeled as infinitely long straight lines without grade or curves. 
RADTRAN 4 (Neuhauser, 1992) provides the user with three different analytical approaches 
to model the transportation o f radioactive materials. They are the Aggregate-Data method, 
the route-specific (LINK) method and the Unit-Risk-Factor method. A brief discussion of 
each o f these approaches follows.
3.2 Aggregate Route Data
The RADTRAN program allows aggregate data to be used for route-related 
parameters. Aggregate data for a single aggregate segment are defined as those which result 
from treating all portions o f a route that lie within some predefined range o f values. The 
single aggregate segment is equal in length to the sum o f all individual segments that satisfy 
the conditions. Analyses in which the LINK option of RADTRAN are not used are restricted
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to three sets o f aggregated route data. Historically, these have been defined in terms o f a 
single characteristic: population density. Population density based classification consists of 
three types of zones: rural, suburban, and urban. Input parameters such as traffic density and 
accident rate are indexed to population density in non-LINK runs. To perform this type of 
analysis, the user enters the total distance (trip length) as a key variable (DISTKM) and 
represents each o f the three aggregated segments as a fraction o f travel in the appropriate 
population density zone. Data for many route-related parameters are ofien only available in 
aggregate form. When cross-country routes are analyzed by the non-LINK method, it is 
appropriate to use national average data are typically used for the indexed parameters.
3.3 Route-Specific M ethod o f Risk Analysis
LINK may be used to enter aggregate data and must be used for aggregate data with 
more than three population-density classes. In this application, a link is created for each 
population-density zone and is assigned a length equal to the aggregated value o f distance 
traveled along the entire route in this zone. The LINK option enhances the usefulness of 
RADTRAN 4 for route-specific transportation risk applications. The LINK option allows the 
user to independently analyze up to 40 separate route segments in a single computer run. 
Figure 7 shows an idealized link. This link has a length o f ‘L ’ km and it has uniform 
population density distribution (with a desired buflFer along either side). A buffer distance of 
800m was adopted as in RADTRAN the population density is within 800m o f  the routes 
needs to be entered, hence this value was adopted. The accident rate or accident probability 
along the entire link is also assumed to be homogeneous (or constant).
ROUTE-SPECIFIC ANALYSIS
Idealized Highway Route Segm ent (Link)
= uniform pop. den.
Figure 7: (Source: RADTRAN 4 Workshop, 1995)
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3.4 Unit-Risk Analysis
RADTRAN provides the user with the option to perform unit-risk analysis which is 
based on unit risk factors. A radiological unit-risk factor is usually defined as the risk, in 
some appropriate metric (e.g., person-rem, health effects), o f transporting a given radioactive 
material for a unit distance of travel, usually 1 km. Unit-risk factors are only useful if route 
subclasses can be identified. A route subclass can be defined as a route segment or group of 
route segments sharing a distinct combination of route parameters (population density, traffic 
count, etc.). With non-LINK applications the route subclasses are rural, suburban, and urban; 
with LINK applications a maximum of 40 route subclasses per run can be defined by the user. 
This approach was adopted by the DOE (1984), and the results documented in their report 
were in terms o f unit-risk factors for each o f the three population density zones. This 
provides a basis for comparative risk analysis.
Separate unit-risk factors for each mode and shipment type must be calculated for 
each route subclass while holding constant input data for all other parameters. The distance 
traveled and the number of shipments are usually set to unity. The result is a set o f unit-risk 
factors that gjve risk per unit of travel for each route subclass for the following: (1) incident- 
fi-ee dose to transportation workers, (2) incident-fi'ee dose to the public, and (3) accident risk. 
They may be used for direct comparison of the unit risks o f transport for various shipment 
types. It is more common, however, to calculate the risk per shipment by multiplying each 
set of unit-risk factors by the total distance traveled in the appropriate route subclass; these 
results can in turn be multiplied by the expected number of shipments and summed to give 
total risks for any shipping campaign.
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3.5 Units to M easure Risk
A special unit of dose equivalent, rent (Roentgen Equivalent Man) is numerically 
equal to the absorbed dose in rads multiplied by the quality factor, the distribution factor, and 
any other necessary modifying factors. A rad is the unit of absorbed dose equal to 0.01 j/kj 
(joule/kilo joule) in any medium (BEER, 1977). The rem represents that quantity of radiation 
that is equivalent— in biological damage o f a specified sort— to 1 rad o f 250 KVP x-rays. 
Roentgen is the special unit of exposure. One roentgen equals 2.58 x 10"̂  coulomb per 
kilogram of air.
3.5.1 Person-Rem
One of the units to measure radiological risk is person-rem which can be defined as 
the product o f the average individual dose in a population times the number o f individuals 
in the population. It is also known as man-rems.
3.5.2 L atent Cancer Fatalities
Radiological risks may be summarized in terms o f either expected population dose 
in person-rem or expected stochastic eflFects such as latent cancer fatalities (LCF) and genetic 
effects. In the latter case, organ doses are calculated and used to estimate health effects by 
organ, which are summed and given in tabular form for each isotope and exposure pathway. 
In the former case the committed effective dose equivalent is calculated for each isotope and 
exposure pathway and then summed. The user may multiply these dose estimates by a 
conversion factor which has been used in this analysis. This factor is the International
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Commission on Radiological Protection-26 (ICRP-26, 1977) equivalent whole body dose 
conversion factor o f 2 x 10"̂  LCFs per person-rem exposure.
3.6 Inputs to RADTRAN
RADTRAN requires a relatively large amount o f input data. The input requirements 
range from transportation system information to material specific information. The 
RADTRAN user guide (Neuhauser, 1992; Souleyrette and Pryor, 1991) provide a concise 
outline of the data requirements and default data provided to minimize searching for 
information. In addition, some of the analysis strategies developed at Sandia National 
Laboratories are described to assist the user in selecting the best method for analyzing a 
particular problem. Data entry in RADTRAN 4 is in free format and is keyword-based. The 
keyword-based system allows most of a data set to be input in any order. Keywords and data 
can appear anywhere in a 80 character line. The options available for creating a useful data 
set are related to the characteristics o f the material to be shipped, the way the material is 
packaged, and the mode o f shipment. Default data are available for some parameters. For 
any analysis, values must be entered by the user for the following types o f parameters:
D parameters without default values, and
[{parameters with default values that must be changed for the problem being analyzed. 
If  the values are not entered by the user for any parameter for which default values 
are available, then the default values are used in the analysis. Clearly, altering the value o f a 
variable possessing a default value has no eflfect on the result of a calculation if that parameter 
is not used in the calculation. In the calculation of incident-free risks, the dose rate in
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mrem/hr at 1 m from the package or from the vehicle (also called the effective dose rate) is 
used to estimate the radiation field strength around the package or shipment. This, in turn, 
is used to calculate doses to persons beside the transport link (off-link) and doses to persons 
sharing the transport link (on-link).
If the shipment consists of a single package, then the package and shipment dose rates 
are the ^m e and no adjustments are required. In a multiple-package shipment, the user may 
enter an individual package dose rate for each material and allow RADTRAN 4 automatically 
to sum the individual package dose rates for the number o f packages o f each type per 
shipment (PPS). Because of shielding o f packages by one another, this could often 
overestimate the shipment dose rate and the user may wish to make an adjustment. One way 
to avoid this problem is to treat the shipment as a single effective package. In this case, a 
single effective dose rate can be measured or calculated and the number o f packages to 
shipment is set to unity. Doses to handlers and warehouse personnel, however, are always 
calculated at the package level. Although accidents usually involve an entire shipment (i.e., 
a vehicle and the package(s) it carries), accident risk calculations must consider the effect of 
the forces in an accident on each package-material combination, because each combination 
of package and material type may respond differently. RADTRAN 4 accepts data concerning 
shipment, package, material and isotope.
3.6.1 Route Specific Inputs
The different inputs that are needed for the Route-Specific Analysis with the LINK 
option in RADTRAN are user assigned values to the following route related parameters:
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Link-ID, Mode o f Shipment (truck, rail, barge, air), Link Distance (km). Speed o f Travel 
(km/hr), Population Density (number o f persons per km^). Number o f Vehicles Per Hour, 
Accident Rate (accidents/km). Zonal Type (rural, suburban, urban), and Link or Road Type 
(1= freeway, 2= non-freeway, 3= all other). For the analysis and case study, each o f the 
above input values have been obtained from different sources, and they are listed below.
(a) Link-ID- This is an assigned value based on variations in key on-link and off-link
characteristics. Such characteristics include population density, traffic volumes and 
accident rates along the highway route and rail line. From an analytical standpoint, 
links must be defined so that each link has homogeneous characteristics especially for 
key variables such as population density proximate to the link and on-link 
characteristics. Based on the procedure identified in the methodology section, the 
potential highway route through Lincoln County has been divided into 6 links and the 
rail route into 5 links. This information is presented in detail in the next chapter.
(b) Mode- The value used to characterize the mode is based on specifications used by
RADTRAN. The classification system used for this purpose is summarized in Table 
I. As the modes being evaluated were highway and rail, a value o f 1 and 2 was used 
wherever applicable.
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Table 1; Classification Based on Mode
Mode Value Assigned
Truck 1
Rail 2
Barge 3
Air 5
(c) Distance- This is the distance or length o f the specified link, in kilometers (km). Links
were defined using a GIS-based procedure based on population density and accident 
rates along the route. Therefore, link distance or length was obtained from the same 
GIS-based procedure. The specific values are presented in the subsequent chapters.
(d) Traffic Speed- The speed is classified into three categories based on the aggregate land
use (zonal) classification for the region in which the segment lies. These are 
summarized in Table 2. The zonal classification is based on population densities.
Zone Truck Rail
Rural 80.49 (50) 64.4 (40)
Suburban 40.25 (25) 40.3 (25)
Urban 24.16(15) 20.6(12.8)
(e) Popden- One o f the most significant features o f LINK is that population-density data for 
segments are entered independently for each segment. The user is not required to use 
arbitrary population-density zones. However, the user still must indicate whether
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each segment is rural, suburban, or urban in character. The default values of 
population density and the range for the three zone categories are presented in Table
3. For the analysis presented in this study, population data were obtained using GIS 
technology and this served as the basis for designating the R, S, U codes. The 
methodology has been explained in Chapter 4 o f this thesis.
Zone Mean Density (persons/km^) Range (persons/km^)
Rural 6 1 to 66
Suburban 719 67 to 1670
Urban 3861 >1670
(f) Number o f Veh/Hr- This input has been obtained from RADTRAN default settings, and 
is presented in Table 4. It would be appropriate to use link specific data for this 
variable when such data are available.
'able 4: Number o f Vehicles/Hr Based on Zonal Classification
Zone Truck Rail
Rural 470 1.00
Suburban 780 5.00
Urban 2800 5.00
(g) Accidents/km- Accident related data in terms o f accidents per vehicle kilometer traveled 
must be entered under tWs input. Accident data pertinent to the segment o f highway 
route for the years 1987 through 1993 were obtained from the Nevada Department 
of Transportation. The methodology adopted to estimate the accident rates has been
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detailed in Chapter 4. However, for the rail route the derailment rates per kilometer 
were obtained directly from the Union Pacific Railroad Company.
(h) Zone- This classification is based on the population density along the link. The ranges 
o f population densities for the three zones, have been shown in Table 3. The user 
should indicate whether each segment is rural, suburban, or urban in character so that 
the model would in turn select appropriate values for the building-shielding factor and 
other parameters. Zone designation is performed with the character designation 
parameter in which the user enters R, S, or U to indicate rural, suburban, or urban, 
respectively.
(I) Link Type- Link type is used to identify the roadway type for highway modes only. If 
the user sets the link type to 1, the segment is modeled as an Interstate Highway (i.e., 
any limited access, divided highway built to the same engineering standards as 
Interstate Highways). If  the link type is set to 2, then the combination o f zone 
designation and link type determines how the roadway is modeled. If  the link type is 
set to 2 and the zone is designated R or S, then the roadway is modeled as a non- 
Interstate highway (e.g., a U.S. highway). I f  the link type is set to 2 and the segment 
is designated as U in character, then the roadway in that segment is modeled as a city 
street. For all other modes including rail, the link type is set to 3.
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3.7 Key Input Variables
The key input variables from the ones outlined in the above section were identified 
during the course o f the study. These are population density and accident rates along the 
transport corridors. The main criterion adopted in identifying them as the key input variables 
is the fact that these variables change with the local conditions; in other words they are route- 
specific input parameters. Thus these variables could be considerably different from the 
national averages or the default values in RADTRAN. The population density subclasses 
which were adopted by DOE in their study are significantly different as compared to that 
determined in the case study Lincoln County. Based on these key input variables, the route 
will be divided into segments or links such that each link has a homogeneous population 
density and accident rate characteristics. The methodology for the definition o f these links 
is detailed in the next chapter.
Chapter 4
M ETHODOLOGY FOR ROUTE SPECIFIC RISK ANALYSIS
The need for developing a methodology for route specific transportation risk analysis 
was presented in the previous chapter. Such analyses require data pertaining to the 
transportation network and corridors within the proximity o f the routes. These data are 
spatial in nature. The capabilities and advantages afforded by GIS for analyzing, managing 
and displaying such spatial data clearly justify the use o f GIS to support risk analysis. Thus, 
this chapter presents a GIS based methodology to support risk analysis. The methodology 
focusses on two key variables that are critical for comparative evaluation o f alternative routes. 
These variables are population density and accident rates.
4.1 Estim ating Population Density
The potential exposure to population during radioactive materials transport would be 
affected by the distribution o f population along the highway route. This distribution (or 
population density) need not be uniform along the length o f the route. On the contrary, one 
would expect to find a non-uniform population density distribution: population centers with 
high population densities and other stretches with relatively low population densities. The 
analytical approach for risk analysis is based on homogenous characteristics for each base unit
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adopted for the analysis. Therefore, an appropriate approach would be to define links based 
on changes in population density. One o f the first steps to develop such a procedure is to 
determine the actual population distribution. For this purpose, information obtained from the 
decennial census conducted by the Bureau of Census would be a logical starting point in most 
cases.
4.1.1 Methodology
The TIGER files developed by the Bureau o f Census contain population information. 
The most disaggregate form o f the TIGER data is at the block level. The block level data 
could be used as a base level of data for estimating population distribution along transport 
routes. Incorporating the TIGER data into a GIS environment would greatly facilitate 
various analyses necessary to support risk analysis. ARC/INFO is one o f several commercial 
GIS programs available and it was selected as the GIS environment for developing the 
methodology presented in this thesis. As stated earlier, RADTRAN requires population 
density within a 800m buffer on either side as an input and not actual population values along 
a link. Thus, procedures were developed in the GIS environment to obtain estimates o f 
population density. Several alternate mechanisms were evaluated to quantify the actual 
distribution of population. Among these were techniques that estimated population densities 
based on county level, tract level and block level data. Figures 8 and 9 show a schematic 
representation o f the county, tract and block boundaries and Table 5 shows a conceptual 
estimation o f population density for these base units. The figures also show the street 
network within a block before and after buffering the streets. As discussed in the previous
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Table 5: County, Tract, Block and Polygon Level Population Density
Description Population Area Density
County Pc Ac Pc/Ac
Tract Pt A t Pj/A j
Block Pb A b Pp/Ag
Polygon (within 
buffered region)
Pp Ap Pp/Ap
chapter, these density estimates could vary widely - as illustrated with data from Lincoln 
County, Nevada which will also serve as the area of interest in the case study presented in this 
thesis. Each o f these estimates were found to be lacking in terms o f accurately reflecting 
existing conditions. Thus, a specific procedure was developed to facilitate estimation of 
population densities along transport links. The methodology for the highway routes is 
described first (see Figure 10) followed by the one for the rail route.
Given the need for people to have access to transportation facilities for daily activities, 
it would be reasonable to assume that the population would be found in close proximity to 
developed roads. Specifically, the population was assumed to live within 0.5 mile (800m) of 
paved roadways. Thus, the primary roads in the TIGER coverages would be appropriate to 
identify the expected spatial distribution o f population. Buffers with the desired offset (800 
m in this case) can then be drawn along these roads to identify the area where the most o f the 
people are expected to live based on the previous assumption. Population density can then 
be computed by combining the population information and this buffered region. This calls for 
combining and overlaying the two coverages with the pertinent information. The buffer and
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the overlay operations can be performed using the analytical tools in the GIS environment. 
Estimating population densities along the route requires further analysis of the product o f this 
operation which is the “buflFered region” within the area o f interest.
The next step in estimating population densities is to combine the population data at 
the block level with the “buffered region” obtained in the previous step to obtain polygons 
with unique identities. The unique identities are defined by the block-id and the attribute 
identifying that the polygon is within the “buffered region” and not outside it. This would 
permit allocation o f population within each block to the “buffered region” within the block. 
The result of combining the population data for each block and the buffered region would be 
an estimate o f the population density, “calculated density”, for each block based on the 
assumption that people live within the specified buffer distance o f the improved roads. The 
areas outside the “buffered region” are then assumed to have zero population and 
correspondingly zero population density. The population in each o f the unique polygons 
could be calculated as the product of the “calculated density” and the area o f the polygon. 
Summing up the population for all the “populated polygons” in the area o f interest and 
comparing the same with the data from TIGER would serve as a cross check for the 
assignment algorithm. In the GIS environment, this step requires identification o f the 
polygons that lay within the buffer and adding items to the attribute table and calculating the 
values for each o f these items. This procedure is particularly relevant for rural areas.
The procedure presented above may need to modified in order to be applied to 
“population centers” in rural counties. For example, the Bureau o f the Census defines blocks 
based on many criteria. When blocks containing “population centers” (places) are
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significantly larger than the actual extent of the “place” it would be necessary to eliminate the 
areas where no population is know to exist. An accurate estimation of population distribution 
would then be based on the total population o f the block being distributed, using the 
procedure presented above, over the modified extent o f the block. An illustration o f this 
modified application is presented in the case study involving an estimation o f population 
density for region around Alamo in Lincoln county, Nevada.
Having determined the population densities for each o f the “populated polygons” 
within each block, it would be possible to isolate those polygons which lay along the route 
of interest. This can be accomplished in the GIS environment by overlaying the “route” on 
the “populated polygons” coverage and identifying the intersection o f these two coverages. 
The product o f this intersection operation would serve provide population density information 
for the route. In order to obtain homogenous links for analysis using RADTRAN, the route 
could be broken down into individual segments or links wherever the population density 
changes. In essence, this could create a link for each block along the route.
RADTRAN requires not only the population density, but also aggregated 
characterization o f land use (either rural, suburban or urban). The population density along 
each route segment is used to determine the type of land use for that particular segment. This 
is based on the mean and ranges o f population density o f RADTRAN default values for 
different zonal categories as were presented in Table 3.
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4.2 Accident Data
Accident data provide a basis for estimating the probabilities o f accidents required for 
risk analysis. Further, information pertaining to accident severities are also useful in 
estimating potential consequences. Thus, it would be useful to discuss the sources o f such 
data and the analysis o f the same.
4.2.1 D ata Source
Historical information on highway operations provide a basis for obtaining safety 
related data that would be useful for risk analysis. Accident rates experienced would be of 
particular relevance for this purpose. Accident rate determination requires information on 
accident occurrence as well as traflBc volumes. These accident rates would have to be 
computed based on particular criteria. This is necessary to help dissagregate data as much 
as possible so as to facilitate as microscopic an analysis as would be possible. When 
necessary it would be possible to aggregate the data to the desired level. Examples o f the 
disaggregation include accident rates classified for the entire area o f interest (e.g., state or 
county or city), by functional class of roadways, by individual roadways, by milepost for each 
roadway and so on. It could also be based on changes in the facilities’ geometric design, 
terrain or environs or operational considerations. A specific example o f operational 
considerations is the travel demand on roadways. The accident data could be disaggregated 
based on changes in travel demand (traflBc volumes) on the roadway. Measures o f travel 
demand include Annual Average Daily Traffic (AADT) or Annual Average Daily Truck 
TraflBc (AADTT). It is important to note that greater the level o f detail, greater would be the
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efforts needed to capture, manage, process and analyze the data. A primary criterion 
influencing the level o f detail required is the sensitivity of the data compared to the next 
“higher” level o f aggregation.
Typically the responsibility for the collection, tabulation and analysis o f traffic volume 
data for highways and roadways is vested with public agencies such as municipal Departments 
o f Public Works, or municipal Traffic/Transportation Departments or state Departments of 
Transportation. These agencies generally publish periodic reports (annual) summarizing the 
traffic volume and composition data. Such publication and records would provide 
information necessary to evaluate accident rates. The Traffic Section o f the Research 
Division of the Nevada Department of Transportation (NDOT) has such responsibilities for 
state maintained roadways in Nevada. The use o f data obtained from NDOT to support the 
risk analysis techniques presented in this thesis is discussed next.
For this study the data for the volumes of traffic were obtained from the various 
editions o f the Annual Traffic Report (1987 to 1993) published by NDOT. The Traffic 
Section monitors daily traffic volumes on a continuous hourly basis at 55 Automatic Traffic 
Recorder (ATR) sites. Summaries of ATR data are presented in the Annual Traffic Reports 
for each year. The term “Annual Average Daily Traffic” used in regard to the ATRs is an 
Annual Adjusted Daily Traffic. This adjusted value is derived by adding the individual 
weekday (Monday-Friday) counts for a month and dmding the sum by the total number of 
counts for the month then dividing the sum by the total number of weekdays in the month to 
find the average weekday. The same procedure is done for both the Saturdays and Sundays 
to find the average Saturday and average Sunday. The average weekday is then multiplied
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by five and this product is added to the average of a Saturday and a Sunday. This sum is then 
divided by seven. This provides an Adjusted Monthly Average Daily Traffic. Then the 
individual Adjusted Monthly Average Daily Traffic values for the twelve months are added 
together and divided by twelve.
The “Annual Average Daily Traffic” referred to elsewhere in the report represent one 
short term sample of a 7 day period expanded to Monthly Average Daily Traffic (MADT) 
using factors developed fi'om ATR data. These MADTs are then expanded to an Annual 
Average Daily Traffic (AADT) again using factors developed from ATRs. The estimates are 
rounded to the nearest “5" on low volume stations and to the nearest “ 1000" on higher 
volume stations (NDOT, 1993).
Data pertaining to the occurrence o f accidents are combined with traffic volume data 
to  compute accident rates on roadways. Accident data are typically referenced by the 
milepost on the roadway where the accident occurred. The data set also contain a number 
of attributes regarding each accident. Accident rates for the desired roadway segments can 
be computed as the ratio o f number o f accidents to the traffic volume data for that segment.
Historical information on railroad operations provide a basis for obtaining safety 
related data for the rail analysis. Accident rates experienced would be o f particular relevance 
for this purpose. In this context, an example illustrating the process is used to present a 
technique for risk analysis. Derailments have consistently accounted for about 75 percent of 
all railroad accidents in the United States and could be used to characterize safety related 
element o f rail operations. The Union Pacific Railroad Company (UP) has mainline tracks 
that traverse Lincoln county, Nevada (which is used in the case study presented later in this
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thesis) and it will be used to illustrate the example. Historical data for UP’s operations 
revealed interesting information. A comparison of derailment rates experienced by UP in 
their Lincoln County operations with those experienced by UP nationwide was made. The 
data revealed that over a five year span the derailment rate in Lincoln county changed from 
being higher than that experienced nationwide by UP to being lower than those experienced 
nationwide. This information could be used to develop possible scenarios for analysis.
It should be noted that for the highway analysis it was possible to define links based 
on population density and accident rates as well whereas for the rail analysis links were 
defined based only on the population density.
4.2.2 Accident Rate Calculation for Highway
The AADT values at the ATRs and the spot traffic counts on the highway route being 
considered were obtained for the years 1987-1993. Based on the location of the ATR and 
spot traffic count stations and the variation of the AADTs at these stations, the route was 
broken down into segments or links. This formed the basis for defining the links for the 
calculation of accident rates, and finally for the overall definition o f links to facilitate the risk 
analysis. Next, the accident locations (referenced by milepost) obtained from NDOT for the 
years 1987 to 1993 were aggregated and assigned to the route based on the begin and end 
milepost o f the segments. As stated earlier, the volumes at the traffic count stations were used 
to calculate the accident rate in accidents per vehicle kilometers traveled. Thus the accident 
rate can be calculated by dividing the total number of accidents by the product o f the AADT’s 
for the entire year and the length o f the segment in kilometers. These calculations and the
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rates obtained are presented for the case study of Lincoln County that follows. The average 
and the worst case accident rates for the years 1987 to 1993 were identified. These were 
further used as the basis for outlining the analytical scenarios.
4.2.3 Accident Scenarios
Since an objective o f this research is to develop a methodology that reflects local 
conditions as best as possible, accident rates and scenarios would have to be based on 
appropriate local facilities - either road or rail as the case may be. In the case study to be 
presented, these would be highways and rail track within Lincoln County. Specifically 
highway segments of interest are on the routes SR 318 and US 93 and the rail corridor is the 
UP mainline track through the county. Two safety based scenarios could be identified for 
highway risk analysis. The first scenario would be based on the average accident rate (based 
on the historical data) and the second scenario would use the worst highway accident rate. 
For the rail analysis, based on historical safety data, four safety based scenarios were 
identified for the risk analysis for Lincoln County. The first scenario uses the average rail 
accident rate on the UP tracks in Lincoln County. The second scenario uses the worst rail 
accident rate o f UP tracks in Lincoln County. The third scenario uses the average rail 
accident of UP’s national operations. The fourth scenario uses the worst rail accident rate 
for UP’s national operations. The worst rail accident rate in Lincoln County was also the 
worst rate for both Lincoln County and Union Pacific to national operations.
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4.3 Definition of Links
In order to perform the route specific analysis links along the transportation system 
need to be defined. This is integral to the program’s operation and for various “exposure” 
analysis. As presented earlier, it is important to define links in such a manner that each link 
is homogeneous as far as its key attributes are concerned. A key variable that needs to be 
accounted for in this process is the distribution of population proximate to the highway route. 
Therefore, the methodology based on population distribution presented earlier was 
considered. However, this does not ensure homogeneity with respect to accident rate which 
is another critical parameter that needs to be considered. Two possible strategies to 
accomplish the development o f homogenous links (based on population density and accident 
rates) are: manual process and the use of the “dynamic segmentation” capabilities o f the GIS 
software. These are described next.
4.3.1 Manual
The manual procedure to establish links that are homogenous with respect to 
population density and accident rates simply combines these two attributes o f the route under 
consideration. Establishing links based on changes in values o f either o f these two key 
variables is relatively easy in the GIS environment - the route is split into individual links 
wherever the value o f either o f the variable changes. Thus two individual coverages with 
links based on population densities and accident rates can be obtained. In the next these two 
are super-imposed on one another. Then, whenever there is a change in the value of either 
population density or accident rate (i.e., a change in link in either o f the two coverages), a
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break is introduced in the route. This point would mark the boundary o f a new link to be 
created. Repeating this process along the entire stretch o f the route would lead to the 
creation o f a set o f links each with a homogenous population density and accident rate 
characteristics. This process is illustrated in Figure 11.
In the GIS environment the link definition process can be accomplished by splitting 
the arc feature representing the route wherever applicable. To facilitate the splitting o f the 
links based on the variation in population density, the population coverage can be shown as 
the background coverage to accurately split the arcs wherever a change is detected. The 
polygons lying in the population density zones o f rural, suburban and urban regions can be 
selected and highlighted in different colors to distinguish and locate the change in population 
density. After having thus split the arcs at points where the change in population density 
occurs, the average population density of all the polygons within the 800m corridor o f the arc 
is assigned to this segment. Next, the length o f each arc is estimated with the help of tools 
in the GIS program (a command called statistics in ARC/INFO). This completes the breaking 
o f the route into segments based on the change in population density.
4.3.2 Dynamic Segmentation
Linear features in a spatial context are entities such as roads, rivers, and administrative 
boundaries (ESRI, 1993). The ARC/INFO route-system data model provides a method to 
represent such linear features. Using this data model, it is possible to associate information 
with any portion or segment of these features. Dynamic segmentation software facilitates the
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storage, query, analysis and display of the information associated with linear features without 
modifying the underlying linear data coordinates.
Dynamic Segmentation is defined as the ability to associate multiple sets o f attributes 
to any segment of a linear feature without changing the description o f the feature; i.e. the 
ability to link attributes to linear features using route-measure format, and to store, display, 
query and analyze these attributes, without segmenting or breaking the linear feature with 
pseudo nodes. This ability allows one to:
a) define routes (linear features) within a line coverage
b) work with data in route-measure format
c) apply multiple sets of attributes in route-measure format to be any part o f a route without
modification o f the base coordinate data in a line coverage.
The dynamic segmentation capabilities could be thus used to combine the population based 
coverage and the accident rate based coverage to obtain the desired combined coverage. 
However, this needs to be followed up by manual procedures to derive the final coverage.
A case study o f Lincoln county, Nevada is presented in the next chapter that 
demonstrates the application o f techniques presented in this chapter.
Chapter 5 
LINCOLN COUNTY: A CASE STUDY
5.1 Introduction
If Yucca Mountain were to be selected as the site for a permanent geologic repository 
to store SNF and HLRW, radioactive materials would have to be transported to Yucca 
Mountain. Some of the potential access routes to Yucca Mountain for either highway or rail 
mode would traverse Lincoln County. Such shipments pose potential hazards and risks to the 
general population and the environment. A comprehensive transportation plan should include 
an assessment of the potential risks to the population, infrastructure and environment arising 
from such shipments.
5.2 Routes Being Considered
One of the responsibilities o f the Nevada Department o f Transportation (NDOT) is 
to designate routes for shipment o f highway route-controlled quantities o f radioactive 
materials. A 1989 report (Ardilla-Coulson, 1989) documents some o f the candidate routes 
being evaluated for this purpose. The specified routes are referred to as Route A (Wendover 
to Yucca Mountain via Las Vegas) and Route B (Wendover to Yucca Mountain via
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Tonopah). Route A traverses Lincoln County. A short description o f these two routes 
follows (see Figure 12).
Route A '. Highway Route A would serve shipments that enter Nevada from Utah on 1-80 at 
Wendover. The route consists of sections o f US 93 Alt, US 93 (northern section), US 6, SR 
318, US 93 (southern section), 1-15, Craig Road (North Las Vegas), Rancho Road (Las 
Vegas), and US 95. Thus, the segment o f this highway route passes through Lincoln county 
(SR 318 and US 93). This section o f Route A will be used in the analysis for the case study 
presented in this chapter.
Route B: Highway Route B enters also Nevada from Utah at Wendover. The route consists 
of sections o f US 93 Alt, US 93 (northern section), US 6, and US 95. No sections o f Route 
B pass through Lincoln County and hence this was eliminated from the analysis.
Similarly for rail, the DOE had considered 10 alternative spurs (corridors) to provide 
rail access to the potential repository at Yucca Mountain from existing main lines currently 
being used by regional rail carriers (U.S. DOE, 1990). The mainline connector for the Jean 
spur from southern Utah would be the southern section o f the UP mainline track in Nevada. 
This section extends from the Utah-Nevada border to a point near Jean in Clark County. The 
portion o f this track that passes through Lincoln County has been selected for the case study 
to illustrate the analysis for rail routes. The location and extent o f  both the highway and rail 
routes passing through Lincoln County have been further described in the subsequent 
sections. The above mentioned rail routes as identified in a preliminary study by the DOE 
(U.S. DOE, 1990) were illustrated in Figure 2.
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5.2.1 Highway
The highway section in the County that is considered for this study comprises of segments of 
SR 318 (from the border ofNye County and Lincoln County to Hiko) and US 93 (from Hiko 
to the border o f Lincoln County and Clark County). This is shown in Figure 13. The total 
length o f these highway sections is approximately 106 miles.
5.2.2 Rail
The Union Pacific Railroad (UP) mainline track in Lincoln County that is considered 
for this study stretches from the border o f Lincoln and Clark County to Uvada at the border 
o f Nevada and Utah as shown in Figure 14. The begnning milepost for this section is 395.18 
and the end milepost is 500.53 on UP’s Western District, Los Angeles Division. The total 
length o f track in Lincoln County is approximately 105 miles.
5.3 Population Density
This sections presents the results o f applying the methodology outlined in Chapter 4 
for the estimation of population density to the Lincoln County case study. Since the census 
was conducted relatively recently and since Lincoln County has had a relatively stable 
population, the data obtained from the 1990 census would provide a reasonably good estimate 
o f the population and its distribution in Lincoln County. Lincoln County has a total 
population o f 3,375. Thus according to the census data the county has 4 tracts and 808 
blocks. The average population density for the county as a whole is 0.137 persons/square 
kilometer. The population of the tracts ranges from a low o f 102 to a high of 1148. For the
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blocks the population varies from a low of 0 to a high o f 787. Several blocks had zero 
population. The population densities also showed considerable variation among the tracts and 
blocks. The average population density of the tracts ranged from a low of 0.0019 persons 
per square kilometer to a high of 195.94 persons per square kilometer. The corresponding 
values at the block level were 0 and 4406.54 persons per square kilometer respectively. 
Figure 15 shows the tracts in the County and Figure 16 shows the distribution o f population 
at the block level within the county.
5.3.1 Highway
Based on the methodology (see Figure 10) described in Chapter 4 the primary roads 
in the County were buffered with a corridor width of 800m on either side o f the roads (see 
Figure 17). As described in the previous chapter, a key assumption made was that the 
population would be located proximate to the roads and not uniformly distributed within each 
block. For the region around Alamo, a special procedure had to be adopted to calculate the 
population density. This was required as the block limits under which Alamo fell into was 
larger than the region around Alamo, but the population totaled only that o f this city. Hence 
if the entire area of the block were to be considered it would be that the population was being 
distributed over an area where there were no people living. Thus the length o f the route 
segment along the region o f Alamo was estimated to be about 1.9 km (1.1 miles) and the 
block associated with this segment was identified. Next the total population o f this block was 
assumed to live within 0.5 mile o f the route segment through Alamo. Consequently, this
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segment was defined as a separate link and its population density was estimated by dividing 
the block population by the buffer area along the length, i.e., 1.9 km, of the segment. This 
resulted in the link being categorized as a suburban link. Had this procedure been not 
adopted, based on the population density obtained, this region would have been wrongly 
characterized as a rural link, thus changing the risk estimates. Thus this region had a density 
o f approximately 100 persons/km^ compared to the mean density o f approximately 6 
persons/km^ for the entire route segment. Table 6 shows the links based on the population 
density obtained using GIS.
Table 6: Highway Link Characteristics Based on Population Density
Link ID Population Density Length Zone
(persons/km^) (km) Type
1 6 106.94 Rural
2 100 1.9 Suburban
3 6 61.16 Rural
Figure 18 shows the distribution o f the population density after the buffer o f only the 
highway segment was overlaid with the primary roads and the census block coverage. The 
regions inside the one mile corridor o f the highway route falling in the rural, suburban and 
urban categories can be identified.
5.3.2 Rail
The methodology for the estimation o f population density around the rail route is 
similar to the one used for the highway, except that for the rail study none other than the
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segment o f the Union Pacific mainline passing through Caliente and extending to the Lincoln- 
Clark county border was buffered and overlaid with the census block coverage. Hence the 
step for the highway study where the primary roads were buflFered was eliminated for the rail 
study. The total number of links defined based on the population density around the rail line 
were five in number. The third link around Caliente had a density high enough for the link 
to be categorized as a suburban link. Table 7 shows the population density for each of the 
five links defined.
Link ID Population Density 
(persons/km^)
Length
(km)
Zone
Type
1 0.004 54.57 Rural
2 1.555 47.69 Rural
3 155.360 2.67 Suburban
4 8.741 13.74 Rural
5 0.028 50.6 Rural
5.4 Accident Rates
The methodology outlined in chapter 4 for the calculation o f accident rates has been 
applied to the highway and rail segments in Lincoln County. This section presents the 
calculation, scenarios and the tables showing the final accident rates for both the modes. 
Though for the highway mode a specific procedure had to be followed to obtain the final 
accident rates, for the rail mode the accident rates were directly obtained from the UP 
company records.
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5.4.1 Highway
As discussed in the previous chapters, the highway route in Lincoln County is 
comprised o f segments o f SR 318 and US 93. Based on the USGS maps in GIS the length 
o f SR 318 is 54.98 miles (88.46 km) and the length o f US 93 is 50.74 miles (81.64 km). 
Thus, the begin and end mileposts o f the two routes were identified. Having done this, the 
entire route was divided into four links based on trafific volumes (as obtained from traffic 
count stations) giving rise to two links on SR 318 and two links on US 93. Table 8 shows 
the begin and end mileposts o f each o f these links and also the volume(s) o f the traffic count 
station(s) used to calculate the accident rates in accidents per vehicle kilometers traveled. 
The location o f the count stations is shown in Figure 19. The second column o f Table 8 
indicates the count stations that were used to determine the traffic volumes presented in the 
following columns. For example, avg[{x},{y})] indicates that the data fi’om station numbers 
(x) and {y} were averaged to estimate the traffic volume for the link. Tables 9, 10 and 11 
show the AADT volumes, accidents and the accident rates for the years from 1987 through 
1993. The procedure outlined in Chapter 4 had been adopted to arrive at these rates.
5.4.2 Rail
The accident rates for the rail analysis were obtained directly from the historical 
accident records o f the Union Pacific rail road company. It should be noted here, that due
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Figure 19 ; Locations of Traffic Count Stations (Source; NDOT, 1993)
Table 8: Traffic Count Stations and the End and Begin mileposts of these stations
Street Station BMP BMP Length
(mi)
Length
(km)
Cumulative
(km)
SR318 1731109 54.98 5.91 49.07 78.95 78.95
SR318 avBf{6],{7)l 5.91 0.00 5.91 9.51 88.46
US 93 avg[{4},{3}] 50.74 38.66 12.08 19.44 107.90
US 93 avgr{2},{Ul 38.66 0.00 38.66 62.20 170.10
Tab e 9; Annual Avera ic Daily Traffic from 1987 through 1993
Street Station BMP EMP 1987 1988 1989 1990 1991 1992 1993
SR318 1731109 54.98 5.91 595 670 680 690 690 725 690
SR318 avg[{6},{7}] 5.91 0.00 743 852.5 895 940 933 965 835
US 93 avg[{4},{3}] 50.74 38.66 1200 1270 1315 1490 1433 1750 1368
US 93 avgFf2},fUl 38.66 0.00 963 1077.5 1122.5 1188 1150 1363 1103
o
Table 10: Number o f Accidents on each Link for the years 1987 through
Street Station BMP EMP 1987 1988 1989 1990 1991 1992 1993
SR318 1731109 54.98 5.91 8 13 9 7 3 3 7
SR318 avgf{6),{7}1 5.91 0.00 3 2 1 1 2 2 1
US 93 avg[{4},{3}] 50.74 38.66 9 4 8 4 5 9 10
US 93 avg[{2},{l}] 38.66 0.00 22 19 17 12 15 24 29
Total 42 38 35 24 25 38 47
993
Table 11: Accident R ites in vehicle Lüometcrs travcllocl (acc/.kt) and the Scenarios
Link 1987 1988 1989 1990 1991 1992 1993 Average Worst
Case
1 4.67E-07 6.73E-07 4.59E-07 3.52E-07 1.51E-07 1.44E-07 3.52E-07 3.71E-07 6.73E-07
2 1.16E-06 6.76E-07 3.22E-07 3.07E-07 6.18E-07 5.97E-07 3.45E-07 5.76E-07 1.16E-06
3 1.06E-06 4.44E-07 8.58E-07 3.78E-07 4.92E-07 7.25E-07 1.03E-06 7.12E-07 1.06E-06
4 l.OlE-06 7.77E-07 6.67E-07 4.45E-07 5.74E-07 7.76E-07 1.16E-06 7.72E-07 1.16E-06
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to lack o f segment wise or milepost wise derailment data, the rail route could not be divided 
into separate links based on the accident rates. Thus, the accident rates were applied to the 
entire rail line. However information was available for the years 1979 through 1984 and was 
further divided into the derailments rates experienced by UP in their Lincoln County 
operations and those experienced by UP nationwide. This information was used to develop 
possible scenarios for the analysis. Table 12 shows these accident rates for the different 
scenarios developed. In all, for the rail analysis there were four scenarios based on the 
accident rates.
Scenarios UP: Lincoln County UP: Nationwide
Worst Case 4.711 3.256
Average 2.323 2.377
5.5 Final Link Definition for Highway
For the highway analysis the definition o f the links were based on two criteria: 
variation in population density and accident rates. Thus the definition o f links based on both 
the criteria was overlapped to give rise to a unique combination o f population density, 
accident rate and the link distance for each link ID. This procedure resulted in a total o f six 
links for the entire route segment. The procedure of overlap can be graphically presented and 
is shown in Figure 20.
The next step in the analysis is to use the RADTRAN code based on location specific 
input data for Lincoln County. An objective of the research is to also compare the estimates 
o f risk obtained using this procedure for Lincoln County with those obtained by the DOE,
INPUT TO RADTRAN- HIGHWAY 
DEFINITION OF LINKS BASED ON POPULATION DENSITY
AND ACCIDENT RATES
ACCIDENTS RATES
h -------------
A1
LINKS
f-
(78.95)
I
PI
( 106.94 ) 
POPULATION DENSITY
<78.95> <88.46> <107.90>
, A2 , A3 I A4
1
(9.51)
1
(19.44)
—1
II III ! iv  
1
V
1
! P2
(62.20)
VI
P3
<106.94> <I08.93> 
(1.99)
(61.26)
ACCIDKNT RATES: A I,A 2,A 3,A 4 
LINKS: I, II, Ilf, IV, V, VI 
ro rU I.A T IO N  DENSITY: 1*1,1*2,1*3 
CUMULATIVE LENGTH: < KM >
I LENGTH (KM) ^
NOT TO SCALE
<170.1>
<170.1>
Figure 20; Final Link Definition for Highway
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to facilitate such a comparison, it was first necessary to update the DOE study since the 
original study had used an older version o f the RADTRAN code.
5.6 DOE vs Lincoln County: Highway and Rail
The DOE (Neuhauser, 1984) risk analysis using RADTRAN II was updated using 
RADTRAN 4. This was done for both modes o f transport: highway and rail. The updates 
analyses replicated the original DOE analyses by using identical input data but adopting the 
newer version of the risk assessment code. The risks for Lincoln County were computed in 
terms o f unit-risk factors to facilitate comparison with the results obtained by DOE. Key 
inputs that are different for the Lincoln Count analyses relate to population and transportation 
system characteristics which are representative o f the local data. These differences can be 
illustrated by the fixation of travel in each o f the three population zones, as shown in Figures 
21 and 22.
Specifically for the Lincoln County study, the analytical scenarios for both the modes 
were obtained for the route specific analysis to be conducted based on the accident data. All 
the other input parameters are the DOE default data that were used, including the number o f 
accident severity categories and the fi'action o f accidents in the rural, suburban and urban 
zones, for each severity category. Thus, the local data were given precedence with regard 
to certain key inputs to help facilitate the accurate estimation o f risks. In summary, the 
principal steps used to conduct the study were as follows: (1) update the DOE study with 
RADTRAN 4 using unit risk analysis for both the modes: rail and highway; (2) conduct route- 
specific Analysis for both the two modes in Lincoln County; and (3) unit risk analysis for the
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two modes in Lincoln County. Local Data were used for the inputs related to demographic 
and transportation system characteristics in steps 2 and 3.
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Chapter 6 
RESULTS AND ANALYSIS
The methodology developed and the specific inputs described in the previous chapters 
were used to support the risk analysis. A discussion o f results and analysis o f the findings are 
presented in this chapter. The specific input data were integrated with other default data to 
create an input data file required by RADTRAN. Individual input files were developed to 
represent each analytical scenario identified; 12 route specific and 8 unit risk for rail, 2 route 
specific and 4 unit risk for highway and 6 unit risk analysis for highway and rail for the DOE 
study. The 12 route-specific analytical scenarios for rail comprise o f the four scenarios based 
on the historical accident data (as outlined in Chapter 4) for three operating speeds o f 20, 30 
and 40 mph. The unit-risk analyses comprise o f rural and suburban analyses for each o f the 
four accident scenarios, amounting to a total o f eight. For route-specific analysis for 
highway, only two scenarios based on the historical accident data i.e., the average and worst- 
case were identified. The unit-risk analysis for rural and suburban zones was conducted for 
each of the two scenarios totaling to 4. For the Lincoln County highway and rail, no unit-risk 
analysis, was conducted for the urban zone as no portions o f the routes lay in this zone. 
Finally the DOE study was replicated with RADTRAN 4 resulting in 3 unit-risk analysis for 
rural, suburban and urban population zones. No route-specific analysis was conducted for
78
79
the DOE default data as such segment or link specific data were unavailable. An example 
output of RADTRAN is presented in the technical appendix. Each of the outputs have an 
input echo along with the tabular results for incident-free and accident scenarios. The results 
of the risk analysis efibrt indicate that shipment mode, operating speed and population density 
and the amount of exposure have significant influence on the results. Higher operating speeds 
resulted in lower total exposure to population (in terms o f person-rems) for the incident-free 
scenario. As may be expected, variations in accident rates do not affect the results obtained 
for the incident-fi'ee scenario. Thus for all the different analytical scenarios the incident-free 
risk is the same for each of the modes. On comparing the results with the DOE study it was 
observed that the risks obtained for Lincoln County in the rural population zones was higher 
than that o f the DOE study. This may be due to the fact that the routes, highway and rail, 
passing through the County are predominantly in a rural population zone, whereas the fraction 
o f travel in the rural, suburban and urban zones assigned by the DOE for the highway and rail 
routes were obtained from an aggregate or nationwide data, which did not represent the 
Lincoln County demographic characteristics. This fact has been illustrated in Figures 16 and 
17. A brief description of the various ways in which the risks can be presented in RADTRAN 
and a detailed discussion of the results obtained fi"om the modeling effort follows. All through 
the discussion the abbreviations, Li, Ave, WC and UP refer to Lincoln County, Average, 
W orst Case and Union Pacific. These have been used to briefly describe the analytical 
scenarios in the figures presented.
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6.1 Quantifying the Risks
Radiological risks may be summarized in terms o f either expected population dose in 
person-rem or expected stochastic effects (e.g., latent cancer fatalities and genetic effect). 
In the former case the committed effective dose equivalent is calculated for each isotope and 
exposure pathway and then summed. In the later case, organ doses are calculated and used 
to estimate health effects by organ, which are summed and given in a tabular form for each 
isotope and exposure pathway. These dose estimates may be multiplied by a conversion 
factor (see Chapter 3) to estimate health effects. With either option early radiological 
fatalities from accidents are calculated. In RADTRAN 4 the population-dose output format 
may be selected by using the keyword UNIT on the FORM line. For each isotope in a 
material, effective dose equivalents for inhalation, cloud shine, and ingestion are given in the 
radio nuclide library. For this study, the accident risk estimates were obtained in terms of 
population-dose in person-rem.
6.2 Sensitivity Analysis
A sensitivity analysis is performed for input parameters affecting incident-free risk 
each time the RADTRAN 4 is executed, irrespective o f the type o f analysis i.e. aggregate, 
route-specific or unit-risk analysis (Neuhauser, 1992). With the exception o f the expression 
for neutron dose versus distance, all equations are linear. Therefore, the influence o f an 
individual input parameter can be determined by taking partial derivatives o f the equations 
containing that parameter. The partial derivative method is fully described in the RADTRAN 
4 Technical Manual (Neuhauser, 1992). For a non-LINK run, the analysis is for the entire
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route. For a LINK run, a separate analysis is performed for each link. The output from 
RADTRAN provides a listing o f the importance value for each variable in the incident-free 
scenario analysis. The importance value is defined as the effect in person-rem of a 1 percent 
change in the value of the input parameter. The list is in the rank order. An example output 
of a RADTRAN analysis for the highway mode is presented in the technical appendix. The 
incident-free importance analysis summary listing can be seen in this. In the latter case, for 
example, the relative influence of a parameter such as speed in various types of route 
segments can be readily determined. This analysis was performed for the rail mode and the 
discussion o f the results is presented in the subsequent sections.
6.3 Route-Specific Analysis
The output for the route-specific analysis conducted for each o f the modes 
summarized the risks for each link under the incident-free and accident risk categories. A 
brief discussion o f these results follows.
6.3.1 Incident-Free Summary
Under this summary the doses for each mode and exposure group are given for each 
material on each link for each mode. An examination of the incident-free population exposure 
in person-rems for the various analytical scenarios for the highway and rail mode helped 
provide some insight into the sensitivity o f potential risk to key assumptions or input 
variables. The incident-free summary o f the output can be broadly divided into two 
categories, occupational and non-occupational risks. The occupational risks, as the name
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suggests comprise the risk to crew and handlers. Whereas the non-occupational risk is made 
up o f the remaining risks including, on-link, off-link, storage and stops. On examining the 
output it was found that stops contributed to more than 90 percent o f the total incident-free 
risk for the highway analysis. As may be expected, the accident rates do not affect the 
exposure to off-link population (i.e. individuals along the transport link). Figure 23 shows 
the results o f the incident-free summary for the route specific analysis conducted on the 
highway route; the analytical scenario for which these results represent the Lincoln County 
worst case scenario analysis. The results for the other scenario is also the same as these are 
incident-free risks. This figure shows the fact that stops account for almost all o f the total 
risk.
For the rail mode, a sensitivity analysis was conducted with varying operating speeds 
o f 20 mph, 30 mph and 40 mph. Figures 24, 25, and 26 summarize the risks obtained for 
each o f these scenarios. Link 3 is in the vicinity o f the City o f Caliente. It has the highest 
population density along the rail route. Upon examining these figures, it is observed that 
exposure to oflF-link population and total exposure decrease with increase in operating speeds. 
Although Figures 24, 25, and 26 have presented information for link 3, similar relationships 
exist for the other links as well. These figures also indicate that for the incident-free risks for 
the rail analysis the exposure to crew is the largest component o f the risks; the next largest 
component is off-link exposure. This is different from that o f the highway results, where 
stops were the largest component o f risks. This could be attributed to the fact that the rail 
route passes through canyons and less densely populated areas than the highway route. Also, 
the total incident-free risk for highway was higher than that for the rail mode.
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6.3.2 Accident Risk
The outputs for the route-specific analysis from RADTRAN include results for a 
scenario involving an accident. These results are in the form o f separate tables of potential 
risk values for each consequence type broken down by mode, population-density zone or link 
and severity category. The number of accident severity categories may be designated by the 
user (for this study 6 accident severity categories were used) based on the all possible 
accident scenarios (different thermal forces and physical forces e.g., puncture etc.) and 
classified relative to degree of package damage. The units o f the first table (see output in 
Appendix) are the number o f accidents, the second table shows the number o f fatalities, the 
third table is in dollars, and the units o f the last table are person-rem. Figure 27 shows the 
accident risk for each of the links for the two highway analytical scenarios: (1) Lincoln 
County Average and (2) Lincoln County Worst Case. This clearly shows that the “total” 
accident risk for all the links together is higher for the worst case scenario as is expected. But 
for both the scenarios link 6 has the highest risk, because o f its high accident rate under both 
the scenarios, even though it is a rural link. Upon comparing the results and the inputs for 
link 5 and 6 it was found that the risks obtained for link 6 are greater than those for link 5, 
even though the accident rates are the same and link 5 is suburban unlike link 6 which is rural. 
This discrepancy can be answered by looking at the inputs for each of these links. The only 
input parameter varying and that too with a great degree is the distance or length o f the links. 
Link 5 is less than a kilometer long whereas link 6 is about 61 km in length. Hence it can be 
seen that the distance of shipment or the length of the links play a vital role in determining the 
accident risks. This fact can be further understood by observing the risks for links 1 and 2.
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Though Link 1 has a lower accident rate when compared to link 2 and both are in the same 
population zone, link 1 has higher risk values as its distance is greater. Thus the distance 
traveled by the shipment has significant bearing on the risk as do accident rates.
For the rail analysis however the accident rates do not vary for each link, under each 
of the analytical scenarios. Also, there is not a great variation in the lengths of each o f the 
links which has led the population density of the link to have a greater bearing on the accident 
risk. Thus, for all four scenarios link 3 which is a suburban link has the highest risk when 
compared to the other links (see Figure 28).
The analyses presented in the section reveal factors that influence total transportation 
risk. However, these analyses do not help clearly identify the comparative risks between 
routes or segments along a route. Such comparative analyses could be performed by 
normalizing the effect o f the length of a route, or link. The unit risk analysis addresses this 
approach.
6.4 Unit Risk Analysis
As identified in the RADTRAN 4 user guide (Neuhauser, 1992), separate unit-risk 
factors for each mode and shipment type are calculated for each route subclass with input data 
for all other parameters being held constant. The distance traveled and the number of 
shipments are set to unity. Thus, a unit risk factor is defined here is the increment o f risk 
associated with a unit of distance traveled. For this study, both the distance traveled and the 
number o f shipments were set to unity. The result is a set o f unit risk factors that give risk 
per unit o f travel and shipment for; (1) incident-free dose to transportation workers
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(occupational or on link), (2) incident-free dose to public (nonoccupational or off link), and 
(3) accident risk in terms of population dose. They may be used to for direct comparisons 
o f the unit-risks o f transport for various shipment types. The unit risk factors can be 
combined with three other terms to give a total risk figure; those terms are; the number of 
shipments, the distance traveled per shipment, and the fractions o f travel in the three 
population zones. The product resulted in the total risk for each scenario in each o f the 
population zones.
6.4.1 Incident-Free Risk
Given the fractions of travel in each zone Tables 13 and 14 show the distance traveled 
in each population zone for highway and rail respectively. Tables 15 and 16 summarize the 
incident-free risks (unit and total) obtained for the highway and rail mode under each 
scenario. From these tables it can be see that the incident-free unit risks for each mode, 
irrespective o f the scenario, are the same. This is because o f the fact that the analytical 
scenarios were defined based on the accident rates and accident rates do not affect the 
incident-free risks. But, they vary for each mode, as other default data are mode dependent. 
The total risk however is higher for Lincoln County in the rural zone when compared to the 
suburban and urban zones, as the fraction of travel in this zone is higher. Further the total 
number o f shipments for which the total risk was estimated, are 173,229 for highway and 
22,465 for rail (Neuhauser et al, 1984), which can be used as a proxy for the total number of 
shipments that are expected to pass through Lincoln County. Also another significant 
observation which can be made is that the population density or zone does not seem to have
Table 13: Distance Travelled in Each Zone for Highway
Distance Travelled (km) Fraction o f Travel (%)
Total Dist. 
(Km)
Rural Suburban Urban Rural Suburban Urban
DOE 170.1 142.37 25.85 1.87 83.7 15.2 I.l
Lincoln
County
170.1 168.23 1.87 0 98.9 1.1 0
Table 14. Distance Travelled in Each Zone for Rail
Distance Travelled (km) Fraction o f Travel (%)
Total Dist. 
(Km)
Rural Suburban Urban Rural Suburban Urban
DOE 169.30 140.69 26.24 2.37 83.1 15.5 1.4
Lincoln
County
169.30 166.59 2.71 0 98.4 1.6 0
Table 15: Unit-Risk Incident Free Summary for Highway
Unit-Risk (person-rem) Total Risk for Unit Shipment
Rural Surburban Urban Total
(R+S+U)
Rural Surburban Urban Total
(R+S+U)
DOE 1.09E-01 1.09E-01 1.09E-01 0.33 15.51 2.82 0.20 18.53
Li-Ave 1.09E-01 1.09E-01 1.09E-01 0.33 18.33 0.20 N/A 18.53
Li-WC 1.09E-01 1.09E-01 1 09E-01 0.33 18.33 0.20 N/A 18.53
Table 16: Unit-Risk Incident Free Summary for Rail
Unit-Risk (person-rem) Total Risk for Unit Shipment
Rural (R) Surburban (S) Urban (U) Total
(R+S+U)
Rural Surburban Urban Total
(R+S+U)
DOE 1.04E-01 1.04E-01 1 04E-01 0.31 14.63 2.73 0.25 17.61
Li-Ave 1.04E-01 1.04E-01 1.04E-0I 0.31 17.33 0.28 N/A 17.61
Li-WC 1.04E-01 1.04E-01 1.04E-01 0.31 17.33 0.28 N/A 17.61
UP-Ave 1.04E-01 1.04E-01 1.04E-0I 0.31 17.33 0.28 N/A 17.61
UP-WC 1.04E-0I 1 04E-0I 1 04E-0I 0 31 17 33 0 28 N/A 17.61
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an impact on the unit-risks for the incident-free analysis. Tables 14 and 15 clarify this. The 
data from Tables 15 and 16 have been graphically presented in Figures 29, 30, 31, and 32. 
In Figures 29 and 31 the unit incident-free risk is the same for all scenarios for each o f the 
modes. This is as expected as the accident rates do not effect the incident-free risks. In 
Figures 30 and 32 the total incident free risks are higher in the rural zone for Lincoln County 
as the fraction o f travel is higher for this zone. Tables 15 and 16 show the risks for unit 
shipment whereas Figures 30 and 32 represent the risks for the total expected shipments.
6.4.2 Accident Risk
Tables 17 and 18 summarize the accident risks (unit and total) obtained for the 
highway and rail mode under each scenario.
From Table 17 it can be seen that for highway, the unit accident risk for the rural zone 
is higher in both the Lincoln County scenarios when compared to the DOE study for the rural 
zone. This is because the accident rates for Lincoln County for the rural zone are higher than 
that o f  the DOE study. However, for the suburban zones the risks obtained for the DOE 
study are higher than the Lincoln County average scenario and lower than those for the 
Lincoln County worst case scenario. This is again due to the fact that the accident rate for 
the average case is lower and the accident rate for the worst case is higher than the DOE 
accident rate, in the suburban zone. Upon comparing the unit accident risks for the rail mode 
for each analytical scenario, under each of the population zone, it was found that though the 
accident rates under each o f the zones did not change for the Lincoln County analytical 
scenarios, the risks under each o f these zones did. This can lead to a conclusion that in the
Table 17: Unit-Risk Accident Summary for Highway
Unit-Risk (person-rem) Total Risk for Unit Shipment
Rural Suburban Urban Total
(R+S+U)
Rural Suburban Urban Total
(R+S+U)
DOE 1.21E-10 3.50E-07 6.30E-07 9.80E-07 1.72E-08 9.05E-06 1.18E-06 1.02E-05
Li-Ave 1.84E-09 3.21E-07 N/A 3.23E-07 3.10E-07 6.01E-07 N/A 9.11E-07
Li-WC 3.06E-09 4.80E-07 N/A 4.83E-07 5.15E-07 8.98E-07 N/A 1.41E-06
Table 18: Unit-Risk Accident Summary for Rail
Unit-Risk (person-rem) Total Risk for Unit Shipment
Rural Surburban Urban Total
(R+S+U)
Rural Surburban Urban Total
(R+S+U)
DOE 3.03E-10 8.22E-07 1.98E-06 2.80E-06 4.26E-08 2.16E-05 4.69E-06 2.63E-05
Li-Ave 7.03E-09 l.OOE-06 N/A l.OlE-06 1.17E-06 2.71E-06 N/A 3.88E-06
Li-WC 1.43E-08 2.04E-06 N/A 2.05E-06 2.38E-06 5.53E-06 N/A 7.91E-06
UP-Ave 7.20E-09 1.03E-06 N/A 1.04E-06 1.20E-06 2.79E-06 N/A 3.99E-06
UP-WC 9.86E-09 1.41E-06 N/A 1.42E-06 1.64E-06 3.82E-06 N/A 5.46E-06
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RADTRAN model, population density does not seem to influence the incident-free unit risk 
calculation as it does the unit accident risk calculations. Table 17 clearly explains this. For 
the urban zone there are no risks for Lincoln County as no part o f the highway route passes 
through this zone. The total accident risks are slightly different for each of the zones as these 
have now been multiplied by the distance traveled in each o f the zones. Thus the total risk 
for the DOE study in the suburban zone are higher than both the Lincoln County scenarios. 
For the urban zone the risks were obtained only for the DOE study as there is no urban zone 
through which the highway route in Lincoln County passes. Figures 33, 34, and 35 present 
the data o f Table 17 for the highway mode. Among these. Figures 34 presents the unit 
accident risk for only the rural zone as these risks do not appear clearly in Figures 33, due to 
their comparatively lower orders of magnitude. For the rail mode it can be observed from 
Table 18, that the unit accident risks for the DOE study were lower than all the scenarios for 
Lincoln County for the rural and suburban zone (see Figures 36 and 37). For the urban zone 
however there are no risks to Lincoln County as has been explained for the highway results. 
Figure 38 presents the total accident risk for all the scenarios. It can be seen that though the 
risks in the rural zone for the DOE study remain lower than the risks for all of the Lincoln 
County’s scenarios, the risks in the suburban zone are much liigher than those obtained for 
Lincoln County. This is due to the fact that the distance traveled in the suburban zone is 
greater for the DOE study. The same explanation applies for the urban zone as well.
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6.5 Highway vs Rail Risks
In general, it has been observed that the incident-free risks for the rail mode were 
lower than those for the highway mode under all scenarios. Whereas the accident risks for 
the rail mode were found to be higher. This can be attributable to a higher accident rate for 
the rail mode. For the rail mode the route specific analysis was conducted with varying 
operating speeds o f 20, 30 and 40 mph. The results showed that as the operating speeds 
increased, all other factors remaining unchanged, the risks reduced correspondingly. This can 
be related to the fact that as the operating speed increases the exposure time is reduced thus 
reducing the risk due to population exposure. Also on comparing the accident risks for each 
link, it was found that the length of the link was a significant contributor to total risk for the 
highway mode.
Chapter 7
CONCLUSIONS AND RECOMMENDATIONS
The objective of this study was to evaluate techniques fro conducting route-specific 
risk analysis for the transportation of SNF and HLW. This process included the development 
o f a methodology to enhance the accuracy o f such analyses. The methodology focused on 
two critical factors that affect the specific conditions relevant to the routes being evaluated. 
A case study was presented to demonstrate the applications o f concepts presented and to 
relate the same to an existing modeling tool, RADTRAN. This work would enhance the 
accuracy of comparative risk analysis techniques used for alternative route selection. A brief 
summary o f  the findings o f this research are presented in this section followed by some 
recommendations to further enhance the findings obtained from this study.
Population Density Estimation
One of the key assumption made in this study for the determination o f a key input, 
population density, was that the people were assumed to live within half a mile o f the primary 
roads. This leads to a more accurate estimation of population distribution, given the fact that 
the census blocks do not represent the population distribution accurately. This has been 
illustrated with the help o f the case study. However, a more accurate estimation o f the
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population density could be obtained using tax assessor / land use files for parcel level data. 
A problem with such an approach would be lack o f data in a computerized format for many 
areas of the country. But as technology evolves this option is likely to become more feasible.
Lincoln County Characteristics
One o f the key characteristics o f Lincoln County pertains to its demographics. The 
Lincoln County population density distribution is different fi"om what the DOE had used in 
their 1984 study. Most o f Lincoln County can be categorized as either rural or suburban, 
whereas for the DOE study there is a considerable portion within the suburban and urban 
zones also. The risk analysis for Lincoln County reflects potentially higher risks for the 
accident scenario both, for highway and rail. The incident-fi-ee risks are the same as should 
be expected.
Risk Analysis
The output of the RADTRAN risk analysis shows that Lincoln County has potentially 
higher risks when compared to the DOE results for the nation as a whole. The results o f the 
Incident Free scenario are the same for both (Lincoln vs DOE), which can be justified by the 
fact that, as there is no incident, we can not expect any change in the risks. However, the 
distribution of risk to rural population is significantly different in Lincoln County than for the 
nation as a whole the rural, areas account for a vast majority o f the risk in Lincoln County. 
This implies that population density does not affect incident-free risk estimates and needs 
further investigations and perhaps modifications to RADTRAN. The Accident Summary
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output o f RADTRAN shows that the potential risks for the County are higher for both rail 
and truck than those found by the DOE in the rural zones. Between the two modes, the risks 
associated with rail shipments were found to be lower than those for truck shipments, though 
only for the incident-free scenario.
The route-specific analysis helps in identifying a particular segment o f the route which 
could be critical whereas the unit-risk analysis presents the results in a manner by which risks 
can be made comparable. They may be used for direct comparisons o f the unit-risks of 
transport for various shipment types.
Im portance of Stops
For the incident-free risk summary, stop time and persons exposed during stops were 
observed to be the key contributors to the overall risk under every scenario. For the highway 
mode more than 90 percent o f the risk was due to exposure during stops. This highlights the 
importance o f  stops during the shipment of spent firel. Thus, the duration and location of 
stops can play a vital role in developing routing and operating strategies.
Speeds
Operating speeds were found to have an impact on the risks such that with increase 
in speed the risks decreased. This can be related to the fact that as the operating speed 
increases the exposure time is reduced thus reducing the risk due to  population exposure. 
However, the relationship between speed and accident rates needs to be evaluated to 
determine if there are any adverse impacts on accident probability due to increase in operating
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speed. Further analysis is needed to find the range o f operating speeds, if any, which would 
affect the neither the risks or the accident rates adversely. Hence operating speeds is an 
important factor to be considered in the analysis.
Accident Rates
The most significant contributor o f risk under the accident scenarios are the accident 
rates for each o f the modes. These rates have a direct impact on the magnitude o f risks 
obtained. The accident rates adopted by the DOE were lower when compared to that for 
Lincoln County, thus resulting in a low unit accident risk for the DOE study.
Recommendations and Future Considerations
Policy and strategic planning issues that could be considered by the County for risk 
management include design and operational considerations. The following is a short listing 
such key issues;
D Given that accident rates for Lincoln County were higher, safety characteristics o f  the 
two-lane roadway links that could be used for shipments to the proposed repository 
would have to be evaluated. In particular, this should address causal factors o f accidents 
and infrastructure related issues. For example, passing lanes or turnouts might help 
enhance safety on these roadways. Thus, an investigation o f the relationships between 
traffic volumes, traffic composition, and safety could help identify the potential benefits 
o f making infi-astructure improvements. In areas where the accident rates are high.
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special passing lanes or turnouts could be provided to bypass the traffic, and thus reduce 
risks due to potential collisions.
0 The operational issues in DOE's shipping campaigns particularly with reference to the
location and duration of stops would have to be considered. To the extent possible, stops 
should be located away from populated areas.
0 DOE is evaluating the potential use o f MPC (Multi Purpose Canisters) for storage and
shipment of SNF. If MFCs were to be used, exposure risks estimated through this study 
would likely change. However, because of accident rate and population density 
characteristics, unit, accident, and total risks in Lincoln County would still be expected 
to exceed those averaged for all other similar areas across the United States. In fact, 
certain characteristics o f the MPC system ultimately selected (i.e. heavy-weight) may 
impact more upon highway conditions along two-lane roadways which typify Lincoln 
County and other similar counties more so than they do along interstate networks. As a 
result the use of MPCs could actually increase the disparity in risks between such counties 
and other regions o f the United States.
Other Applications
The methodology developed for determining the input parameters for the risk analysis in 
this study can be applied to several other areas o f transportation. Specifically the corridor- 
width method used to obtain the population density distribution along the transport routes, 
can be extended to other studies, such as transit analysis in transportation, where information 
on population density distribution will play a decisive role. In case o f transit analysis for
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example, the knowledge o f the population distribution can play a vital role in determining 
route alignment and stop locations. The routes or stop locations being considered for a could 
be buffered with a desired width o f one mile or half a mile and overlaid with the census 
coverage to obtain the population pockets along the routes. This can give one an idea about 
the potential transit ridership that would be generated along the given transport corridor or 
proximate to the stop location.
For studies involving environmental impacts, the plots showing the levels of pollution in 
an area can be overlaid with the population coverage using a GIS program, to obtain the 
extent to which the pollution is effecting the population in that area. This may reveal 
interesting results by showing that the regions with high pollution are the areas with no or 
very little population. This will help the planners and developers in looking at other critical 
areas where a greater population is being affected by environmental pollution.
Other possible areas for application can be for emergency preparedness, where the 
knowledge o f the density of population around a given route or region can help decide on the 
number o f  people that would need to be evacuated in the event o f an incident involving 
hazardous materials. Further, though in this study risk analysis was conducted specifically 
for the transportation of spent nuclear fuel, the methodology can be extended to estimate the 
risks for the transport o f any other hazardous material.
APPENDIX
RADTRAN 4 OUTPUT FOR ROUTE-SPECIFIC ANALYSIS FOR HIGHWAY 
MODE FOR LINCOLN COUNTY W ORST CASE SCENARIO
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RADTRAN 4.0.17 VERSION DATE: NOVEMBER 8, 1994
MODE DESCRIPTIONS
IBER NAME CHARACTERIZATION
1 TRUCK LONG HAUL VEHICLE
2 RAIL COMMERCIAL TRAIN
3 BARGE INLAND VESSEL
4 SHIP OPEN SEA VESSEL
5 CARGO AIR CARGO AIRCRAFT
6 PASS AIR PASSENGER AIRCRAFT
7 P-VAN PASSENGER VAN
8 CVAN-T COMMERCIAL VAN
9 CVAN-R COMMERCIAL VAN
10 CVAN-CA COMMERCIAL VAN
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ECHO CHECK
&6 Edited Mon Jul 24 23; 06;IB 1995
&& REFERENCE CASE USED IN DOE/EA0363 AND DOE/EA0321
&& _ADAPTED_FROM_A_RADTRAN_3_DATA_SET;_RADTRAN_4_WILL_NOT_NECESSARILY_ 
 GIVE_THE_IDENTICAL_NUMERICAL_VALUES_AS RADTRAN_3_&&
&&
&&
&&
&&
THE HALF LIFE OF TE129 HAS BEEN INCREASED FOR THE PWR RUN -- 
THE COST COMPUTATIONS WERE NOT ABLE TO HANDLE THE VERY SHORT 
HALF LIFE OF 0.0483 ALONG WITH THE HIGHER CURIE VALUES -- 
THE HALF LIFE HAS BEEN CHANGED TO 0.14
TITLE _SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL_
FORM UNIT
UNIT-RISK_RURAL_SHIP_URBAN
DIMEN 23 6 5 10 
FARM 1 3  2 1 0  
PACKAGE 
LABGRP 
PKGl 
SHIPMENT 
LAB I SO 
CRUD 
ZR95 
TE129M 
PU240
NORMAL
NMODE^l
9.890E-01 
2.OOOE+00 
0.OOOE+00 
2.OOOE+00 
2.800E+03 
ACCIDENT 
SEVFRC 
NP0P=1 
NM0DE=1 
6.03E-01 
NP0P=2 
NMODE^l 
6.02E-01 
NP0P=3 
NM0DE=1 
6.04E-01
RELEASE
RFRAC
18
PKG2
C060
NB95
CE144
PU241
PKG3
KRB5
RU106
CS134
AM241
PKG4
SR89 
TE127 
CS137 
CM2 4 2
PKG5
SR90 
TE127M 
PU238 
CM2 4 4
Y91
TE129
PU239
lOOE-02
lOOE+00
OOOE+01
OOOE-01
OOOE+00
OOOE+00
OOOE+01
OOOE+00
849E+01
lOOE-02
OOOE+00
OOOE+00
025E+01 
. 300E+01 
.OOOE+02 
700E+02
2.416E+01
O.OOOE+00
OOOE+02
800E+02
3.94E-01 3.00E-03 3.00E-06 5.00E-06 7.00E-06
3.94E-01 4.00E-03 4.00E-06 3.00E-06 2.00E-06
3.95E-01 3.80E-04 3.80E-07 2.50E-07 1.30E-07
GROUPAI 
0.OOE+00 0.OOE+00 1.20E-02 1.20E-02 1.20E-02 1.20E-02
GROUP-2 
0.OOE+00 0.OOE+00 O.OOE+00 l.OOE-02 1.OOE-01 l.lOE-01
GROUP-3
O.OOE+00 O.OOE+00 O.OOE+00 l.OOE-08 2.00E-04 2.80E-04
GROUP-4 
0.OOE+00 O.OOE+00 O.OOE+00 1.OOE-08 5.OOE-08 5.OOE-08
GROUP-5 
0.OOE+00 O.OOE+00 0.OOE+00 1.OOE-08 1.OOE-06 4.20E-05
117
SHIP URBAN PWR S P E N T F U E L  150 DAY FUEL UNIT-RISK RURAL_SHIP_URBAN_
AERSOL
DISP=
O.OOE+OO 0.OOE+00 l.OOE+00 1.OOE+00 l.OOE+00 1.OOE+00
DISP-3
0.OOE+00 0.OOE+00 0.OOE+00 l.OOE+00 1.OOE+00 1.OOE+00
DISP-4
O.OOE+OO O.OOE+OO O.OOE+OO l.OOE+00 l.OOE+00 1.OOE+00
DISP-5
O.OOE+OO O.OOE+OO 0.OOE+00 l.OOE+00 l.OOE+00 1.OOE+00
RESP
DISP-2
O.OOE+OO O.OOE+OO 5.OOE-02 5.OOE-02 5.OOE-02 5.OOE-02
DISP-3
0.OOE+00 O.OOE+OO 0.OOE+00 l.OOE+00 l.OOE+00 1.OOE+00
DISP-4
0.OOE+00 O.OOE+OO 0.OOE+00 5.OOE-02 1.OOE+00 1.OOE+00
DISP-5
0.OOE+00 O.OOE+OO O.OOE+OO 5.OOE-02 5.OOE-02 5.OOE-02
AREADA
1.38E+01 1.12E+03 4.28E+03 6.78E+03 l.OOE+04 5.23E+04
1.07E+05 1.35E+05 7.23E+05 2.35E+06 4.65E+06 1.03E+07
2.63E+07 5.31E+07 1.07E+08 1.69E+08 3 .46E+08 3.76E+08
DFLEV
2.60E-05 2.50E-05 2.40E-05 2.35E-05 2.30E-05 2.OOE-05
1.80E-05 1.72E-05 8.58E-06 3 .42E-06 1.72E-06 8.58E-07
3 .42E-07 1.72E-07 8.58E-08 5.42E-08 8.50E-09 5.42E-09
DEFINE CRUD
1.93E+03 2.50E+00 4.12E-01 2.80E+05 2.50E+04 0.OOE+00
O.OOE+OO l.OOE-02 2.00E+00 7.90E+05 3.80E+04
DEFINE TE129
1.40E-01 5.91E-02 8.62E-03 l.lOE+02 1.90E+02 0.OOE+00
O.OOE+OO l.OOE-02 l.OOE+00 1.lOE+03 1.60E+00
EOF
ISOTOPES -1 14600 1.00 1.470 1.00 0.00 SFUEL
CRUD 4,.25E+01 PKGl 2
CO60 1 .55E+02 PKG4 5
KR85 1 .58E+04 PKG2 3
SR89 2 .24E+05 PKG4 5
SR90 1 .20E+05 PKG4 5
Y91 3,.42E+05 PKG4 5
ZR95 5,.43E+05 PKG4 5
NB95 1..OlE+06 PKG4 5
RU106 5,.85E+05 PKG5 5
TE127 8 .81E+03 PKG3 4
TE127M 8 .99E+03 PKG3 4
TE129 3,.69E+03 PKG3 4
TE129M 5..79E+03 PKG3 4
CE144 1,,37E+06 PKG4 4
CS134 3,.60E+05 PKG3 4
CS137 1,.60E+05 PKG3 4
PU238 4,,44E+03 PKG4 5
PU239 4,.65E+02 PKG4 5
PU240 6,.88E+02 PKG4 5
PU241 1..55E+05 PKG4 5
AM241 2,.04E+02 PKG4 5
CM242 2,,62E+04 PKG4 5
CM244 4,.37E+03 PKG4 5
LINK 1 7.89E+01 8.85E+01 6.00E+00 4 .70E+02 6. 73E-07 R 2
LINK 1 9.51E+00 8.85E+01 6.00E+00 4 .70E+02 1. 16E-06 R 2
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LINK 1 1 85E+01 8 85E+01 6 OOE+00 4 70*=’-*-02 1 06E-0'' R 2
LINK 1 9 60E-01 4 03E+01 1 OOE+02 7 80E+02 1 06E~ 0L S 2
LINK 1 9 40E-01 4 03E+01 1 OOE+02 7 80E-"02 1 16E-0o S 2
LINK 1 6 13E+01 8 85E+01 6 OOE+00 4 70E+Q2 I 16E-Oc R 2
PKGSIZ
SFUEL 5 20
EOF
19
_SHIP_URBAN PWR SPENT_FCJEL 150 DAY FUEL UNIT-RISK_RURAL_SHIP_URBAN_
PACKAGE CHARACTERISTICS
FOR
MATERIAL
SFUEL
DIMENSION 
(METERS) 
5.200E+00
EFFECTIVE 
DIMENSION 
4.677E+0Ü
K(0) 
METERS SO. 
1.115E+01
K(0) IS TI TO DOSE RATE CON'/ERSION FACTOR
PACKAGE HANDLING THRESHOLDS (METERS)
PKGSZl- 5.000E-01 
PKGSZ2- l.OOOE+00
PACKAGES .LE. PKGSZl ARE HAND CARRIED
PACKAGES .GT. PKGSZl AND .LE. PKGSZ2 ARE HANDLED BY SMALL EQUIPMENT
PACKAGES .GT. PKGSZ2 ARE HANDLED BY HEAVY EQUIPMENT
MATERIAL CHARACTERISTICS
MATERIAL
SFUEL
FRACTION 
OF GAMMA 
l.OOOE+00
FRACTION 
OF NEUTRON 
0.OOOE+OO
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_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
MODE CHARACTERISTICS
MODE
TRUCK
EXCLUSIVE
USE
YES
NUMBER OF 
SHIPMENTS
1 46E+04
MATERIALS
SFUEL
TRANSPORT 
INDEX (TI)
1.47E+00
PACKAGES/
SHIPMENT
1.OOE+00
BUILDING SHIELDING OPTION- 2
(1-TOTAL SHIELDING, 2-PARTIAL SHIELDING, 3-NO SHIELDING) 
RPD- 6.OOOE+OO
(RATIO OF PEDESTRIAN DENSITY (PEDESTRIAN/KM SO OF SIDEWALK) 
TO POPULATION DENSITY (PEOPLE/KM SO IN URBAN AREAS)
RR - 1.OOOE+OO
(TRANSMISSION FACTOR FOR RURAL AREAS)
RS = 8 700E-01
(TRANSMISSION FACTOR FOR SUBURBAN AREAS)
RU = 1.800E-02
(TRANSMISSION FACTOR FOR URBAN AREAS)
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_SHIP_URBRN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
SEGMENT RELATED DATA
MODE
DISTANCE (KM)
SPEED (KM/HR) 
POPULATION DENSITY 
VEHICLE DENSITY 
ACCIDENT RATE/KM 
ZONE
ROAD TYPE
LINK 1 
TRUCK 
7.89E+01 
8.85E+01 
6.00E+00 
4.70E+02 
6.73E-07 
RURAL 
NON-FRWY
LINK 2 
TRUCK 
9.51E+00 
8.85E+01 
6.OOE+00 
4.70E+02 
1.16E-06 
RURAL 
NON-FRWY
LINK 3 
TRUCK 
1.85E+01 
8.85E+01 
6 .OOE+00 
4.70E+02 
1.06E-06 
RURAL 
NON-FRWY
LINK 4 
TRUCK 
9.60E-01 
4.03E+01 
1.OOE+02 
7.80E+02 
1.06E-06 
SUBURBAN 
NON-FRWY
LINK 5 
TRUCK 
•40E-01 
•03E+01 
.OOE+02 
.80E+02 
.16E-06 
SUBURBAN 
NON-FRWY
LINK 6 
TRUCK 
6.13E+01 
8.85E+01 
6,OOE+00 
4.70E+02 
1.16E-06 
RURAL 
NON-FRWY
MODE RELATED DATA
LINK 1 LINK 2 LINK 3 LINK 4 LINK 5 LINK 6
PEOPLE IN CREW 2.00E+00 2.OOE+00 2.OOE+00 2.OOE+00 2.OOE+OO 2.OOE+OO
CREW EXPOSURE DIST 3.10E+00 3.lOE+00 3.lOE+00 3.lOE+00 3.lOE+OO 3.lOE+00
PEOPLE AT STOPS 5.00E+01 5.00E+01 5 .OOE+01 5.00E+01 5.00E+01 5.00E+01
STOP EXPOSURE DIST 2.00E+01 2.00E+01 2.00E+01 2.00E+01 2.OOE+01 2.OOE+01
STOP TIME PER KM l.lOE-02 l.lOE-02 l.lOE-02 l.lOE-02 1.lOE-02 l.XOE-02
MINIMUM STOP TIME 5.30E+01 5.30E+01 5.30E+01 5.30E+01 5.30E+01 5.30E+01
END POINT STOP TIME 0 .OOE+QO 0.OOE+00 0 .OOE+00 O.OOE+OO 0 .OOE+OO O.OOE+OO
PEOPLE AT STORAGE 1.OOE+02 1.OOE+02 1.OOE+02 l.OOE+02 l.OOE+02 1.OOE+02
STOR. EXPOSURE DIST l.OOE+02 l.OOE+02 l.OOE+02 l.OOE+02 l.OOE+02 l.OOE+02
NUMBER OF HANDLINGS O.OOE+OO 0.OOE+00 0.OOE+00 O.OOE+OO 0.OOE+OO O.OOE+OO
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_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_F0EL UNIT-PISK_RURAL_SHIP_URBAN_
ISOTOPE RELATED DATA
NUCLIDE CURIES RELEASE RESUSP LUNG DISPERS lYR INHAL REM/CI
PER PKG GROUP FACTOR TYPE CATEGORY LUNG MARROW
SFUEL
CRUD 4 25E+01 PKGl 4 83E+00 2 2 7 90E+05 3 80E+04
CO60 1 55E+02 PKG4 4 83E+00 2 5 7 90E+05 3 80E+04
KRB5 1 58E+04 PKG2 1 OOE+OO 2 3 0 OOE+OO 0 OOE+OO
SR89 2 24E+05 PKG4 1 55E+00 1 5 5 30E+05 2 90E+02
SR90 1 20E+05 PKG4 5 41E+00 2 5 4 50E+06 3 80E+03
Y91 3 42E+05 PKG4 1 63E+00 1 5 6 20E+05 8 70E+02
ZR95 5 43E+05 PKG4 1 68E+00 1 5 2 50E+05 7 40E+03
NB95 1 OlE+06 PKG4 1 40E+00 1 5 5 30E+04 2 40E+03
RU106 5 85E+05 PKG5 3 28E+00 2 5 4 30E+06 4 50E+03
TE127 8 81E+03 PKG3 1 OOE+OO 1 4 2 70E+03 9 90E+00
TE127M 8 99E+03 PKG3 2 05E+00 1 4 2 lOE+05 1 60E+04
TE129 3 69E+03 PKG3 1 OOE+OO 1 4 1 lOE+03 1 60E+00
TE129M 5 79E+03 PKG3 1 38E+00 1 4 2 60E+05 9 60E+03
CE144 1 37E+06 PKG4 2 99E+00 1 4 3 60E+06 4 20E+03
CS134 3 60E+05 PKG3 4 07E+00 2 4 4 lOE+04 3 90E+C4
CS137 1 60E+05 PKG3 5 41E+00 2 4 3 lOE+04 2 60E+04
PU238 4 44E+03 PKG4 5 51E+00 3 5 4 50E+08 1 lOE+06
PU239 4 65E+02 PKG4 5 57E+00 3 5 4 20E+08 1 lOE+06
PU240 6 88E+02 PKG4 5 56E+00 3 5 4 20E+08 1 lOE+06
PU241 1 55E+05 PKG4 5 26E+00 3 5 3 60E+05 1 30E+03
AM241 2 04E+02 PKG4 5 55E+00 3 5 1 20E+08 1 70E+07
CM242 2 62E+04 PKG4 2 40E+00 1 5 9 90E+07 8 80E+06
CM244 4 37E+03 PKG4 5 32E+00 3 5 1 20E+08 1 70E+07
12j
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-JUCLIDE HALF GAMMA CLOUD TRANSFER DEPOS
LIFE ENERGY FACTOR CROPS SOIL SPEED
SFUEL
CRUD 1.93E+03 2.50E+00 4.12E-01 0.OOE+OO O.OOE+OO l.OOE-02
CO60 1.93E+03 2.50E+00 4 .12E-01 O.OOE+OO O.OOE+OO l.OOE-02
KR85 3.92E+03 2.21E-03 3.55E-04 0.OOE+OO O.OOE+OO 0.OOE+OO
SR89 5.05E+01 8.45E-05 2.27E-05 O.OOE+OO O.OOE-i-00 l.OOE-02
SR90 1.06E+04 O.OOE+OO 0.OOE+OO O.OOE+OO O.OOE+OO 1.00E-02
Y91 5.85E+01 3.61E-03 5.93E-04 0.OOE+OO O.OOE+OO l.OOE-02
ZR95 6.40E+01 7.39E-01 1.21E-01 O.OOE+OO 0.OOE+OO 1.OOE-02
NB95 3.52E+01 7.66E-01 1.26E-01 0.OOE+OO O.OOE+OO l.OOE-02
RU106 3.68E+02 2.01E-01 O.OOE+OO O.OOE+OO O.OOE+OO l.OOE-02
TE127 3 .90E-01 4 .86E-03 7 .67E-04 0 .OOE+OO 0 .OOE+OO 1 .OOE-02
TE127M 1.09E+02 1.12E-02 4.94E-04 0.OOE+OO O.OOE+OO 1.OOE-02
TE129 1.40E-01 5.91E-02 8.62E-03 0.OOE+OO 0.OOE+OO l.OOE-02
TE129M 3.36E+01 9.65E-02 5.45E-03 0.OOE+OO O.OOE+OO l.OOE-02
CE144 2.84E+02 5.25E-02 2.88E-03 O.OOE+OO O.OOE+OO l.OOE-02
CS134 7.53E+02 1.55E+00 2.54E-01 0.OOE+OO 0.OOE+OO l.OOE-02
CS137 l.lOE+04 5.96E-01 O.OOE+OO O.OOE+OO O.OOE+OO 1.OOE-02
PU23 8 3.21E+04 1.81E-03 1.40E-05 0.OOE+OO O.OOE+OO 1.OOE-02
PU239 8.79E+06 7 .96E-04 1.30E-05 O.OOE+OO O.OOE+OO 1.00E-02
PU240 2.39E+06 1.73E-03 1.37E-05 O.OOE+OO O.OOE+OO l.OOE-02
PU241 5.26E+03 2.54E-06 O.OOE+OO O.OOE+OO O.OOE+OO 1.OOE-02
AM241 1.58E+05 3.24E-02 3.OlE-03 0.OOE+OO O.OOE+OO 1 .OOE-02
CM242 1.63E+02 1.83E-03 1.55E-05 O.OOE+OO O.OOE+OO l.OOE-02
CM2 4 4 6.62E+03 1.70E-03 1.33E-05 0.OOE+OO O.OOE+OO l.OOE-02
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ISOTOPE RELATED DATA
NUCLIDE 50-YR EFFECTIVE REM/CI 
INHALE INGEST
SFUEL
CRUD 2.80E+05 2.50E+04
CO60 2.80E+05 2.60E+04
KR85 O.OOE+OO 0.OOE+OO
SR89 6.70E+04 8.70E+03
SR90 2.40E+06 1.30E+05
Y91 8.00E+04 8.90E+03
ZR9 5 3 .20E+04 3 .40E+03
NB95 7.30E+03 2.20E+03
RU106 8.00E+05 2.lOE+04
TE127 3.90E+02 6.90E+02
TE127M 3.OOE+04 7.90E+03
TE129 l.lOE+02 1.90E+02
TE129M 3.40E+04 9.90E+03
CE144 6.30E+05 2.OOE+04
CS134 4.60E+04 7.40E+04
CS137 3.20E+04 5.OOE+04
PU238 5.30E+08 3 .80E+06
PU239 5.70E+08 4.30E+06
PU240 5.70E+08 4.30E+06
PU241 9.90E+06 8.60E+04
AM241 5.90E+08 4.50E+06
CM242 2.30E+07 l.lOE+05
CM244 3.10E+08 2.30E+06
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RELEASE RELATED DATA
RELEASE FRACTIONS
GROUP
1
2
3
4
5
SEVER: 1 
O.OOE+OO 
0.OOE+OO 
O.OOE+OO
SEVER; 2
OOE+OO
OOE+OO
OOE+OO
OOE+OO
OOE+OO
SEVER; 3 
1.20E-02 
0.OOE+OO 
0.OOE+OO
O.OOE+OO
O.OOE+OO
OOE+OO
OOE+OO
SEVER; 4 
1.20E-02 
1.OOE-02 
l.OOE-08 
1.OOE-08 
1.OOE-08
SEVER; 5 
1.20E-02 
l.OOE-01 
2.00E-04 
5.OOE-08 
l.OOE-06
SEVER; 6 
1.20E-02 
l.lOE-01 
2.80E-04 
5.00E-08 
4 .20E-05
ACCIDENT SEVERITY FRACTIONS 
FOR TRUCK
ZONE SEVER; 1 SEVER; 2 SEVER; 3
1 6.03E-01 3.94E-01 3.00E-03
2 6.02E-01 3.94E-01 4.00E-03
3 6.04E-01 3.95E-01 3.80E-04
SEVER; 4 SEVER; 5 SEVER; 6
3.00E-06 5.00E-05 7.00E-06
4.00E-06 3.00E-06 2.00E-06
3.80E-07 2.50E-07 1.30E-07
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AEROSOLIZED FRACTION OF RELEASED MATERIAL
DISP CAT SEVER; 1 SEVER; 2 SEVER; 3 SEVER; 4 SEVER; 5 SEVER; 6
1 O.OOE+OO 0.OOE+OO 0.OOE+OO O.OOE+OO O.OOE+OO 0.OOE+OO
2 O.OOE+OO 0.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
3 O.OOE+OO 0.OOE+OO 0.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
4 O.OOE+OO O.OOE+OO 0.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
5 O.OOE+OO O.OOE+OO 0.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
6 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
7 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
8 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
9 1.OOE+OO 1.OOE+OO 1.OOE+OO 1 .OOE+OO 1.OOE+OO 1.OOE+OO
10 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
11 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
FRACTION OF AEROSOLS BELOW 10 MICRONS AED
DISP CAT SEVER ; 1 SEVER: 2 SEVER; 3 SEVER; 4 SEVER ; 5 SEVER; 6
1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
2 O.OOE+OO 0.OOE+OO 5.OOE-02 5 .OOE-02 5.00E-02 5.OOE-02
3 O.OOE+OO 0.OOE+OO 0.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
4 O.OOE+OO O.OOE+OO 0.OOE+OO 5.00E-02 1.OOE+OO 1.OOE+OO
5 O.OOE+OO O.OOE+OO 0.OOE+OO 5 .00E-O2 5.00E-02 5.00E-02
6 5.00E-02 5.00E-02 5.OOE-02 5.00E-02 5.00E-02 5.00E-02
7 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
8 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
9 1.OOE+OO 1.OOE+OO 1.OOE+OO 1 .OOE+OO 1.OOE+OO 1.OOE+OO
10 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
11 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO 1.OOE+OO
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COST RELATED DATA
EMERGENCY RESPONSE COST
SEVER; 1 SEVER; 2 SEVER ; 3 SEVER; 4 SEVER; 5 SEVER; 6
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
ON-SCENE COSTS 
(RP-RELEASE FRACTION)
RF-0. 0.<RF<-.01 .OKRF< = 0.1 .KRF< = 1.
0 . 0 . 0 . 0 .
_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
HEALTH RELATED DATA
EARLY FATALITY PROBABILITIES
DOSE(REM) LUNG -1 LUNG-2 LUNG-3 MARROW
100000.000 1.OOOE+OO 1.OOOE+OO 1.OOOE+OO 1.OOOE+OO
80000.000 1.OOOE+OO 8.500E-01 8.OOOE-01 1.OOOE+OO
70000.000 1.OOOE+OO 8.OOOE-01 5.000E-01 1.OOOE+OO
40000.000 1.OOOE+OO 7 .OOOE-01 0.OOOE+OO 1.OOOE+OO
30000.000 1.OOOE+OO 5.000E-01 0.OOOE+OO 1.OOOE+OO
25000.000 1.OOOE+OO 2.000E-01 0.OOOE+OO 1.OOOE+OO
20000.000 1.OOOE+OO 8 .OOOE-02 0.OOOE+OO 1.OOOE+OO
10000.000 6 .OOOE-01 0 .OOOE+OO 0 .OOOE+OO 1.OOOE+OO
8000.000 l.OOOE-01 0.OOOE+OO 0.OOOE+OO 1.OOOE+OO
6000.000 6.OOOE-02 0.OOOE+OO 0.OOOE+OO 1.OOOE+OO
4000.000 3 .000E-02 0 .OOOE+OO 0.OOOE+OO 1.OOOE+OO
3000.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 1.OOOE+OO
2000.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 1.OOOE+OO
1000.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 1.OOOE+OO
800.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 9.960E-01
700.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 9.000E-01
600.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 4.OOOE-01
500.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 5.000E-02
400.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
300.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
100.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0 .OOOE+OO
75.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
50.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
30.000 0.OOOE+OO 0 .OOOE+OO 0.OOOE+OO 0.OOOE+OO
15.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
5.000 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
1.000 0.OOOE+OO 0 .OOOE+OO 0.OOOE+OO 0.OOOE+OO
0.100 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
0.010 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
0.010 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO 0.OOOE+OO
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DISPERSAL ACCIDENT INPUT
AREADA DILUTION
(M SO) FACTOR*
1.380E+01 2.600E-05
1.120E+03 2.500E-05
4 .280E+03 2.40DE-05
6.780E+03 2.350E-05
l.OOOE+04 2.300E-05
5.230E+04 2.000E-05
1.070E+05 1.800E-05
1.350E+05 1.720E-05
7.230E+05 8.580E-06
2.350E+06 3 .420E-06
4.650E+06 1.720E-06
1.03QE+07 8 .580E-07
2.630E+07 3 .420E-07
5.3IQE+Q7 1.720E-07
1.070E+08 8.580E-08
1.690E+08 5.42OE-0B
3.460E+08 8.500E-09
3 .760E+08 5.420E-09
ARE (Cl-SEC/M**3/CI-RELEASED)
NON-DISPERSAL ACCIDENT INPUT
RADIST(M)
RURAL SUBURBAN URBAN
3.050E+00 3.050E+00 3.050E+00
6.100E+00 6.100E+00 6 .lOOE+00
9.100E+00 9.100E+00 9.100E+00
I.220E+01 1.220E+01 1.220E+01
1.520E+01 1.520E+01 1.520E+01
3 .050E+01 3.050E+OI 3 .050E+01
6.100E+01 6.lOOE+01 6 .lOOE+01
9.140E+01 9.140E+01 9 .140E+01
1.524E+02 1.524E+02 1.524E+02
3.050E+02 3.050E+02 3 .050E+02
BUILDING DOSE FACTOR - 8.600E-03
FRACTION OF LAND UNDER CULTIVATION = 5.000E-01
CONTAMINATION CLEAN UP LEVEL (UCI/M»*2) = 2.000E-01
BREATHING RATE (M**3/SEC) - 3.300E-04
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REGULATORY CHECKS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
THE SHIPMENT OF SFUEL BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATIONS
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MODE TRUCK
1-YEAR LUNG DOSE - INHALATION PATHWAY 
BDF ■= 1 (REM)
AREA # SEVER: 1 SEVER: 2 SEVER; 3 SEVER; 4 SEVER: 5 SEVER; 6
1 0.OOE+OO O.OOE+OO 1.73E-04 2.34E-04 4.32E-02 1.03E-01
2 O.OOE+OO O.OOE+OO 1.66E-04 2.25E-04 4 .15E-02 9.93E-02
3 O.OOE+OO 0 .OOE+OO 1.59E-04 2.16E-04 3.98E-02 9.53E-02
4 O.OOE+OO O.OOE+OO 1.56E-04 2.11E-04 3.90E-02 9.32E-02
5 O.OOE+OO O.OOE+OO 1.52E-04 2.06E-04 3.81E-02 9.12E-02
6 O.OOE+OO O.OOE+OO 1.32E-04 1.79E-04 3.31E-02 7.92E-02
7 O.OOE+OO O.OOE+OO 1.18E-04 1.60E-04 2.95E-02 7.06E-02
8 O.OOE+OO O.OOE+OO 1.12E-04 1.51E-04 2.79E-02 6.68E-02
9 O.OOE+OO 0 .OOE+OO 5.54E-05 7.50E-05 1.39E-02 3 .32E-02
10 O.OOE+OO 0 .OOE+OO 2.05E-05 2 .78E-05 5.13E-03 1.23E-Q2
11 O.OOE+OO O.OOE+OO 9.37E-06 1.27E-05 2.34E-03 5.61E-03
12 O.OOE+OO 0.OOE+OO 4 41E-06 5.96E-06 l.lOE-03 2.63E-03
13 O.OOE+OO O.OOE+OO 1.63E-06 2.21E-06 4.08E-04 9.76E-04
14 O.OOE+OO O.OOE+OO 7 .47E-07 l.OlE-06 1.87E-04 4 .47E-04
15 O.OOE+OO O.OOE+OO 3 .47E-07 4.70E-07 8.68E-05 2.08E-04
16 O.OOE+OO O.OOE+OO 2.04E-07 2.77E-07 5.11E-05 1.22E-04
17 O.OOE+OO O.OOE+OO 3.07E-08 4 .15E-08 7.67E-06 1.83E-05
18 O.OOE+OO O.OOE+OO 1.88E-08 2.54E-08 4 .70E-06 1.12E-05
1 -YEAR MARROW DOSE - INHALATION PATHWAY
BDF » 1 (REM)
AREA # SEVER: 1 SEVER; 2 SEVER; 3 SEVER; 4 SEVER : 5 SEVER; 6
1 O.OOE+OO O.OOE+OO 8.31E-06 9.81E-06 3.16E-02 4 .43E-02
2 0.OOE+OO O.OOE+OO 7.99E-06 9 .43E-06 3.04E-02 4 .26E-02
3 O.OOE+OO O.OOE+OO 7.66E-06 9.04E-06 2.91E-02 4 .08E-02
4 O.OOE+OO O.OOE+OO 7.49E-06 8.84E-06 2.85E-02 3.99E-02
5 0 .OOE+OO 0 .OOE+OO 7 .33E-06 B.65E-06 2.79E-02 3.90E-Q2
6 O.OOE+OO O.OOE+OO 6.37E-06 7.52E-06 2.42E-02 3.39E-02
7 O.OOE+OO O.OOE+OO 5.68E-06 6.70E-06 2.16E-02 3.03E-02
8 O.OOE+OO O.OOE+OO 5.37E-06 6.34E-06 2.04E-02 2.86E-02
9 O.OOE+OO O.OOE+OO 2.67E-06 3 .15E-06 l.OlE-02 1.42E-02
10 O.OOE+OO O.OOE+OO 9.87E-07 1.16E-06 3 .75E-03 5.26E-03
11 O.OOE+OO O.OOE+OO 4 .51E-07 5.32E-07 1.71E-03 2.40E-03
12 O.OOE+OO O.OOE+OO 2.12E-07 2.50E-07 8.05E-04 1.13E-03
13 O.OOE+OO O.OOE+OO 7.85E-08 9.26E-08 2.98E-04 4 .18E-04
14 O.OOE+OO O.OOE+OO 3.59E-08 4 .24E-08 1.37E-04 1.91E-04
15 O.OOE+OO O.OOE+OO 1.67E-08 1.97E-08 6.35E-05 8.89E-05
16 0.OOE+OO O.OOE+OO 9.83E-09 1.16E-08 3 .74E-05 5.24E-05
17 O.OOE+OO O.OOE+OO 1.47E-09 1.74E-09 5.60E-06 7.85E-06
18 O.OOE+OO O.OOE+OO 9.04E-10 1.07E-09 3.43E-06 4.81E-06
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MODE TRUCK
GROUND SURFACE CONTAMINATION TABLE (MICRO CI/M**2) 
BEFORE CLEANUP
AREA « SEVER; 1 SEVER: 2 SEVER: 3 SEVER; 4 SEVER; 5 SEVER; 6
1 O.OOE+OO O.OOE+OO 1.33E-01 1.45E-01 2.88E+01 4.64E+01
2 0.OOE+OO O.OOE+OO 1.27E-01 1.40E-01 2.77E+01 4 .46E+01
3 O.OOE+OO O.OOE+OO 1.22E-01 1. 34E-01 2.65E+01 4.28E+01
4 O.OOE+OO O.OOE+OO 1.20E-01 1.31E-01 2.60E+01 4.18E+01
5 O.OOE+OO O.OOE+OO 1.17E-01 1.28E-01 2.54E+01 4.09E+01
6 O.OOE+OO O.OOE+OO 1.02E-01 l.llE-01 2.21E+01 3.56E+01
7 0.OOE+OO O.OOE+OO 9.06E-02 9.94E-02 1.97E+01 3.17E+01
8 O.OOE+OO O.OOE+OO 8.57E-02 9.40E-02 1.86E+01 3.OOE+01
9 0.OOE+OO O.OOE+OO 4.25E-02 4.66E-02 9.24E+00 1.49E+01
10 O.OOE+OO O.OOE+OO 1.57E-02 1.73E-02 3 .42E+00 5.51E+00
11 0.OOE+OO O.OOE+OO 7.19E-03 7.89E-03 1. 56E-^00 2.52E+00
12 0.OOE+OO O.OOE+OO 3.38E-03 3.71E-03 7 . 34E-01 1.18E+00
13 0.OOE+OO O.OOE+OO 1.25E-03 1.37E-03 2.72E-01 4.38E-01
14 0.OOE+OO O.OOE+OO 5.73E-04 6.28E-04 1.24E-01 2.01E-01
15 0.OOE+OO O.OOE+OO 2.66E-04 2.92E-04 5.78E-02 9.32E-02
16 O.OOE+OO O.OOE+OO 1.57E-04 1.72E-04 3 .41E-02 5.49E-02
17 O.OOE+OO O.OOE+OO 2.35E-05 2.58E-05 5.11E-03 8 .23E-03
18 O.OOE+OO O.OOE+OO 1.44E-05 1.58E-05 3 .13E-03 5.05E-03
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INCIDENT-FREE SUMMARY **** *******
INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM
PASSSN2E CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS
LINK I ÜTÔ0E+00 4 .47E+01 O.OOE+OO 3.17E-02 2.98E+00 1.58E+03 0.OOE+OO 1.63E+03
LINK 2 O.OOE+OO 5.39E+00 O.OOE+OO 3.82E-03 3.59E-C1 I.58E+03 O.OOE+OO 1.59E+03
LINK 3 0 .OOE+OO 1.05E+01 0 .OOE+OO 7 .44E-03 6.9BE-C1 1.5BE+03 O.OOE+OO 1.60E+03
LINK 4 0.OOE+OO 1.20E+00 O.OOE+OO 1.26E-02 2.95E-0I 1.58E+03 O.OOE+OO 1.59E+03
LINK 5 O.OOE+OO 1.17E+00 O.OOE+OO 1.23E-02 2.89E-01 1.58E+03 O.OOE+OO 1.59E+03
LINK 6 O.OOE+OO 3.4EE+01 O.OOE+OO 2.47E-02 2.31E+00 1.5BE+03 O.OOE+OO 1.62E+03
RURAL O.OOE+OO 9.54E+01 0 .OOE+OO 6.77E-02 6.35E+00 6.34E+03 0.OOE+OO 6.44E+03
SUBURB 0.OOE+OO 2.37E+00 O.OOE+OO 2.49E-02 5.85E-01 3.17E+03 O.OOE+OO 3 .17E+03
URBAN O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.OOE+OO O.OOE+OO
TOTALS : O.OOE+OO 9.77E+01 O.OOE+OO 9.26E-02 6.93E+00 9.51E+03 O.OOE+OO 9.61E+03
MAXIMUM INDIVIDUAL IN-TRANSIT DOSE
LINK 1 9.14E-04 REM
LINK 2 9.14E-04 REM
LINK 3 9.14E-04 REM
LINK 4 9.14E-04 REM
LINK 5 9.14E-04 REM
LINK 6 9.14E-04 REM
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INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 2
A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
INDEX DESCRIPTION OF PARAMETER
1 DISTANCE TRAVELED
2 NUMBER OF SHIPMENTS
3 PACKAGES PER SHIPMENT
4 K ZERO
5 DOSE RATE (TRANSPORT INDEX)
6 STOP TIME
7 PERSONS EXPOSED WHILE STOPPED
8 FRACTION OF TRAVEL - RURAL
9 NUMBER OF CREW MEMBERS
10 NUMBER OF PEOPLE PER VEHICLE
11 TRAFFIC COUNT - RURAL
12 POPULATION DENSITY - RURAL
13 RURAL SHIELDING FACTOR (RR)
14 RATIO OF PEDESTRIAN DENSITY (RPD)
15 HANDLER EXPOSURE DISTANCE
16 PERSONS EXPOSED PER HANDLING
17 FRACTION OF TRAVEL - URBAN
18 NUMBER OF HANDLINGS
19 EXPOSURE TIME FOR HANDLERS
20 FRACTION OF TRAVEL ON FREEWAYS
21 NUMBER OF FLIGHT ATTENDANTS
22 TRAFFIC COUNT - URBAN
23 TRAFFIC COUNT - SUBURBAN
24 FRACTION OF RUSH HOUR TRAVEL
25 FRACTION OF TRAVEL - SUBURBAN
26 VELOCITY - URBAN
27 VELOCITY - SUBURBAN
28 URBAN SHIELDING FACTOR (RU)
29 FRACTION OF TRAVEL ON CITY STREETS
30 POPULATION DENSITY - SUBURBAN
31 POPULATION DENSITY - URBAN
32 STORAGE EXPOSURE DISTANCE
33 NUMBER OF PERSONS EXPOSED DURING STORAGE
34 SUBURBAN SHIELDING FACTOR (RS)
35 STORAGE TIME PER SHIPMENT
36 VELOCITY - RURAL
37 DISTANCE FROM SOURCE TO CREW
38 EXPOSURE DISTANCE WHILE STOPPED
IMPORTANCE
1.591E+01 
1.591E+Q1 
1.591E+01 
1.591E+01 
1.591E+01 
585E+01 
585E+01 
755E-02 
392E-02 
590E-03 
590E-03 
825E-05 
3 .207E-05 
6.175E-06 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0 .OOOE+OO 
0.OOOE+OO
0.OOOE+OO
OOOE+OO
OOOE+OO
OOOE+OO
0.OOOE+OO 
0.OOOE+OO 
-6.114E-02 
-1.078E-01 
-3.170E+01
THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE
OF A ONE PERCENT INCREASE IN THE PARAMETER
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INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 3
i l * * ' * * ' * # * * * * * * * # * * ' # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' » *
INDEX DESCRIPTION OF PARAMETER IMPORTANCE
1 DOSE RATE (TRANSPORT INDEX)
2 NUMBER OF SHIPMENTS
3 DISTANCE TRAVELED
4 PACKAGES PER SHIPMENT
5 K ZERO
6 STOP TIME
7 PERSONS EXPOSED WHILE STOPPED 
B FRACTION OF TRAVEL - RURAL
9 NUMBER OF CREW MEMBERS
10 NUMBER OF PEOPLE PER VEHICLE
11 TRAFFIC COUNT - RURAL
12 POPULATION DENSITY - RURAL
13 RURAL SHIELDING FACTOR (RR)
14 RATIO OF PEDESTRIAN DENSITY (RPD)
15 HANDLER EXPOSURE DISTANCE
16 PERSONS EXPOSED PER HANDLING
17 FRACTION OF TRAVEL - URBAN
18 NUMBER OF HANDLINGS
19 EXPOSURE TIME FOR HANDLERS
20 FRACTION OF TRAVEL ON FREEWAYS
21 NUMBER OF FLIGHT ATTENDANTS
22 TRAFFIC COUNT - URBAN
23 TRAFFIC COUNT - SUBURBAN
24 FRACTION OF RUSH HOUR TRAVEL
25 FRACTION OF TRAVEL - SUBURBAN
26 VELOCITY - URBAN
27 VELOCITY - SUBURBAN
28 URBAN SHIELDING FACTOR (RU)
29 FRACTION OF TRAVEL ON CITY STREETS
30 POPULATION DENSITY - SUBURBAN
31 POPULATION DENSITY - URBAN
32 STORAGE EXPOSURE DISTANCE
33 NUMBER OF PERSONS EXPOSED DURING STORAGE
34 SUBURBAN SHIELDING FACTOR (RS)
35 STORAGE TIME PER SHIPMENT
36 VELOCITY - RURAL
37 DISTANCE FROM SOURCE TO CREW
38 EXPOSURE DISTANCE WHILE STOPPED
1.596E+01 
1.596E+01 
1.596E+01 
1.596E+01 
596E+01 
585E+01 
585E+01 
120E-01 
049E-01 
983E-03 
983E-03 
7.440E-05 
6.239E-05 
1.201E-05 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0 .OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0 .OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
-1.189E-01 
-2.098E-01 
-3.170E+01
THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE
OF A ONE PERCENT INCREASE IN THE PARAMETER
_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 4 *****************************************************
INDEX DESCRIPTION OF PARAMETER IMPORTANCE
1 DISTANCE TRAVELED
2 PACKAGES PER SHIPMENT
3 DOSE RATE (TRANSPORT INDEX)
4 K ZERO
5 NUMBER OF SHIPMENTS
6 STOP TIME
7 PERSONS EXPOSED WHILE STOPPED
8 FRACTION OF TRAVEL - SUBURBAN
9 NUMBER OF CREW MEMBERS
10 NUMBER OF PEOPLE PER VEHICLE
11 TRAFFIC COUNT - SUBURBAN
12 POPULATION DENSITY - SUBURBAN
13 SUBURBAN SHIELDING FACTOR (RS)
14 RATIO OF PEDESTRIAN DENSITY (RPD)
15 FRACTION OF TRAVEL ON FREEWAYS
16 EXPOSURE TIME FOR HANDLERS
17 NUMBER OF HANDLINGS
18 NUMBER OF FLIGHT ATTENDANTS
19 TRAFFIC COUNT - URBAN
20 PERSONS EXPOSED PER HANDLING
21 FRACTION OF RUSH HOUR TRAVEL
22 HANDLER EXPOSURE DISTANCE
23 TRAFFIC COUNT - RURAL
24 STORAGE EXPOSURE DISTANCE
25 FRACTION OF TRAVEL ON CITY STREETS
26 FRACTION OF TRAVEL - URBAN
27 VELOCITY - RURAL
28 POPULATION DENSITY - RURAL
29 FRACTION OF TRAVEL - RURAL
30 POPULATION DENSITY - URBAN
31 VELOCITY - URBAN
32 RURAL SHIELDING FACTOR (RR)
33 NUMBER OF PERSONS EXPOSED DURING STORAGE
34 URBAN SHIELDING FACTOR (RU)
35 STORAGE TIME PER SHIPMENT
36 VELOCITY - SUBURBAN
37 DISTANCE FROM SOURCE TO CREW
38 EXPOSURE DISTANCE WHILE STOPPED
1.586E+01 
1.586E+01 
1.586E+01 
1.586E+01 
1.586E+01 
1.585E+01 
1.585E+01 
1.503E-02 
1.195E-02 
2.954E-03 
2.954E-03 
1.259E-04 
1.031E-04 
2.281E-05 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
0.OOOE+OO
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
-1
- 2
-3
799E-02 
.391E-02 
170E+01
THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE
OF A ONE PERCENT INCREASE IN THE PARAMETER
137
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INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 5 *****************************************************
INDEX DESCRIPTION OF PARAMETER IMPORTANCE
1 DOSE RATE (TRANSPORT INDEX)
2 PACKAGES PER SHIPMENT
3 DISTANCE TRAVELED
4 K ZERO
5 NUMBER OF SHIPMENTS
6 STOP TIME
7 PERSONS EXPOSED WHILE STOPPED
8 FRACTION OF TRAVEL - SUBURBAN
9 NUMBER OF CREW MEMBERS
10 NUMBER OF PEOPLE PER VEHICLE
11 TRAFFIC COUNT - SUBURBAN
12 POPULATION DENSITY - SUBURBAN
13 SUBURBAN SHIELDING FACTOR (RS)
14 RATIO OF PEDESTRIAN DENSITY (RPD)
15 FRACTION OF TRAVEL ON FREEWAYS
16 EXPOSURE TIME FOR HANDLERS
17 NUMBER OF HANDLINGS
18 NUMBER OF FLIGHT ATTENDANTS
19 TRAFFIC COUNT - URBAN
20 PERSONS EXPOSED PER HANDLING
21 FRACTION OF RUSH HOUR TRAVEL
22 HANDLER EXPOSURE DISTANCE
23 TRAFFIC COUNT - RURAL
24 STORAGE EXPOSURE DISTANCE
25 FRACTION OF TRAVEL ON CITY STREETS
26 FRACTION OF TRAVEL - URBAN
27 VELOCITY - RURAL
28 POPULATION DENSITY - RURAL
29 FRACTION OF TRAVEL - RURAL
30 POPULATION DENSITY - URBAN
31 VELOCITY - URBAN
32 RURAL SHIELDING FACTOR (RR)
33 NUMBER OF PERSONS EXPOSED DURING STORAGE
34 URBAN SHIELDING FACTOR (RU)
35 STORAGE TIME PER SHIPMENT
36 VELOCITY - SUBURBAN
37 DISTANCE FROM SOURCE TO CREW
38 EXPOSURE DISTANCE WHILE STOPPED
586E+01 
586E+01 
586E+01 
586E+01 
586E+01 
585E+01 
585E+01 
472E-02 
170E-02 
892E-03 
2.892E-03 
1.233E-04 
1.009E-04 
2.234E-05 
0.OOOE+OO 
0,OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
,OOOE+OO 
,OOOE+OO 
.OOOE+OO 
.OOOE+OO 
761E-02 
-2.341E-02 
-3.170E+01
THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE
OF A ONE PERCENT INCREASE IN THE PARAMETER
_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK 6 *****************************************************
INDEX DESCRIPTION OF PARAMETER IMPORTANCE
1 DISTANCE TRAVELED
2 NUMBER OF SHIPMENTS
3 PACKAGES PER SHIPMENT
4 DOSE RATE (TRANSPORT INDEX)
5 K ZERO
6 STOP TIME
7 PERSONS EXPOSED WHILE STOPPED
8 FRACTION OF TRAVEL - RURAL
9 NUMBER OF CREW MEMBERS
10 NUMBER OF PEOPLE PER VEHICLE
11 TRAFFIC COUNT - RURAL
12 POPULATION DENSITY - RURAL
13 RURAL SHIELDING FACTOR (RR)
14 RATIO OF PEDESTRIAN DENSITY (RPD)
15 HANDLER EXPOSURE DISTANCE
16 PERSONS EXPOSED PER HANDLING
17 FRACTION OF TRAVEL - URBAN
18 NUMBER OF HANDLINGS
19 EXPOSURE TIME FOR HANDLERS
20 FRACTION OF TRAVEL ON FREEWAYS
21 NUMBER OF FLIGHT ATTENDANTS
22 TRAFFIC COUNT - URBAN
23 TRAFFIC COUNT - SUBURBAN
24 FRACTION OF RUSH HOUR TRAVEL
25 FRACTION OF TRAVEL - SUBURBAN
26 VELOCITY - URBAN
27 VELOCITY - SUBURBAN
28 URBAN SHIELDING FACTOR (RU)
29 FRACTION OF TRAVEL ON CITY STREETS
30 POPULATION DENSITY - SUBURBAN
31 POPULATION DENSITY - URBAN
32 STORAGE EXPOSURE DISTANCE 0
33 NUMBER OF PERSONS EXPOSED DURING STORAGE 0
34 SUBURBAN SHIELDING FACTOR (RS) 0
35 STORAGE TIME PER SHIPMENT 0
36 VELOCITY - RURAL -3
37 DISTANCE FROM SOURCE TO CREW -6
38 EXPOSURE DISTANCE WHILE STOPPED -3
622E+01 
622E+01 
622E+01 
622E+01 
622E+01 
585E+01 
585E+01 
710E-01 
3 .476E-01 
2.314E-02 
2.314E-02 
2 .465E-04 
2.067E-04 
3.980E-05 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
OOOE+OO 
941E-01 
952E-01 
170E+01
THE IMPORTANCE VALUE ESTIMATES THE PERSON-REM INFLUENCE
OF A ONE PERCENT INCREASE IN THE PARAMETER
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_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
ACCIDENT SUMMARY 
* * * * * * * *  * * * * * * *
NUMBER OF EXPECTED ACCIDENTS
CATEGORY
1
2
3
4
5
6
LINK 1
4.67E-01
3.05E-01
2.33E-03
2.33E-06
3.88E-06
5.43E-06
LINK 2
9.71E-02
6.35E-02
4.83E-04
4 .83E-07
8.05E-07
1.13E-06
LINK 3
1.73E-01
1.13E-01
8.59E-04
8.59E-07
1.43E-06
2.00E-06
LINK 4
8.94E-03
5.85E-03
5.94E-05
5.94E-08
4 .46E-08
2.97E-08
LINK 5
9.58E-03
6.27E-03
6.37E-05
6.37E-08
4 .78E-08
3.18E-08
LINK 6 
6.26E-01 
.09E-01 
.llE-03 
.llE-06 
.19E-06 
.27E-06
EARLY FATALITY CONSEQUENCES
CATEGORY
1
2
3
4
5
6
LINK 1 
O.OOE+00 
O.OOE+00 
O.OOE+00 
0.OOE+00 
0.OOE+00 
0.OOE+00
LINK 2
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
LINK 3
O.OOE+00
0 .OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
LINK 4 
O.OOE+00 
OOE+00 
OOE+00 
OOE+00 
OOE+00 
OOE+00
LINK 5
O.OOE+00
0 .OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
LINK 6
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
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_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
ECONOMIC CONSEQUENCES
CATEGORY
1
2
3
4
5
6
LINK 1
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00
LINK 2
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
LINK 3
0.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
LINK 4
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
LINK 5
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
LINK
OOE+00
OOE+00
OOE+00
OOE+00
OOE+00
O.OOE+00
RADIOLOGICAL CONSEQUENCES 
50 YEAR POPULATION DOSE IN PERSON REM
CATEGORY
1
2
3
4
5
6
LINK 1
0.OOE+00
O.OOE+00
B.56E-01
B.62E-01
3.35E+01
4.15E+01
LINK 2
O.OOE+00
O.OOE+DO
8.56E-01
8.62E-01
3.35E+01
LINK 3 
0.OOE+00 
O.OOE+00 
8.56E-01 
8.62E-01 
3 .35E+01
4.15E+01 4.15E+01
LINK 4
O.OOE+00
O.OOE+00
1.43E+01
1.44E+01
5.59E+02
6.91E+02
LINK 5
O.OOE+00
0.OOE+00
1.43E+01
1.44E+0T
5.59E+02
6.91E+02
LINK 6
O.OOE+00
O.OOE+00
8 .56E-01
8.62E-01
3.35E+01
4.15E+01
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.S H IP . U'.'.'iAtl. . PW!:_:-P£t,']_FOEL 150_DAY_FOEL UNIT-RISK_RURAL_SHIP_URBAN_
EXPECTED VALUES OF POPULATION RISK IN PERSON REM
GROUND INHALED RESUSPD CLOUDSH «INGESTIOill TOTAL
LINK 1 2.32E-03 6.39E-06 2.15E-05 1.87E-07 O.OOE+00 2.35E-03
LINK 2 4.B2E-04 1.33E-06 4.46E-06 3.88E-08 O.OOE+00 4.88E-04
LINK 3 B.56E-04 2.36E-06 7.93E-06 6.89E-08 O.OOE+00 8.67E-04
LINK 4 8.8BE-04 1.22E-06 4.32E-06 6.21E-08 O.OOE+00 8.94E-04
LINK 5 9.52E-04 1.31E-06 4.63E-06 6.66E-08 O.OOE+00 9.58E-04
LINK 6 3.11E-03 8.56E-06 2.88E-05 2.50E-07 O.OOE+00 3.14E-03
RURAL 6 .76E-03 1.86E-05 6.26E-05 5.44E-07 0 .OOE+00 6.84E-03
SUBURB 1.84E-03 2.53E-06 8.95E-06 1.29E-07 O.OOE+00 1.85E-03
URBAN O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
TOTALS : 8.60E-03 2.12E-05 7.16E-05 6.73E-07 O.OOE+00 8.70E-03
NOTE THAT INGESTION RISK IS A SOCIETAL RISK;
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.
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_SHIP_URBAN PWR_SPENT_FUEL 150_DAY_FUEL UNIT-RISK_RURAL_SHIP_URBAN_
EXPECTED RISK VALUES - OTHER
LINK ECON EARLY
$$ FATALITY
1 O.OOE+00 0.OOE+OO
2 O.OOE+00 0 .OOE+OO
3 0.OOE+00 0.OOE+OO
4 O.OOE+00 0.OOE+OO
5 0 .OOE+OO 0.OOE+OO
6 O.OOE+00 0.OOE+OO
TOTAL 0.OOE+OO 0.OOE+OO
TOTAL EXPOSED POPULATION; INCIDENT-FREE
LINK 1 7 .57E+02 PERSONS
LINK 2 9.13E+01 PERSONS
LINK 3 1.78E+02 PERSONS
LINK 4 1.54E+02 PERSONS
LINK 5 1.50E+02 PERSONS
LINK 6 5.88E+02 PERSONS
TOTAL 1.92E+03 PERSONS
TOTAL EXPOSED POPULATION: ACCIDENT 
(PERSONS UNDER PLUME FOOTPRINT FOR A SINGLE ACCIDENT)
LINK 1 2.26E+03 PERSONS
LINK 2 2.26E+03 PERSONS
LINK 3 2.26E+03 PERSONS
LINK 4 3.76E+04 PERSONS
LINK 5 3.76E+04 PERSONS
LINK 6 2.26E+03 PERSONS
EOI
END OF RUN
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